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Unwarranted amounts of energy are vasted each year in 
providing major public and privately ouned buildings and the desired 
environment vithin them. Improved design, construction, and 
maintenance and operation can save significant amounts of energy 
without impairment of these processes throughout the life cycle of 
these buildings, arbitrarily established as 50 years. To successfully 
attain this energy conservation, increased cooperation and 
coordination among owners, designers, contractors, maintenance and 
operation personnel, labor, and governmental agencies will be 
necessary. Implementing all of the recommendations contained in this 
report during the life cycle of a large building should result in a 
reduction in energy consumption of more than 50 percent. Therefore, 
there is great potential for energy conservation in large buildings, 
with the accompanying significant benefit of dollar savings. This 
report consists of a broad summary and overview of the energy 
conservation aspects of large buildings, followed by turee 
subcommittee reports containing detailed studies and guideline 
recommendations in the three areas of design, construction, and 
maintenance and operation. A bibliography is provided. (Author) 
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I. INTRODUCTION 



A. BASIS FOR REPORT 

In mld*July 1972, the Interdepartmental Fuel and Energy 
Committee, appointed earlier In the year by Governor Nelaon A. 
Rockefeller, announced a three-pronged Action Flan to promote 
energy conservation. In his letter of July 28, 1972, Mr. Joseph 
C. Swidler, Chairman, Public Service Commission, State of New 
York, and Chairman, Interdepartmental Fuel and Energy Committee, 
requested that General A. C. O^Hara, Commissioner of the Office 
of General Services, State of New York, and Member of the above 
Committee, assume the lead for the Ad Hoc Committee for Energy 
Efficiency in Large Buildings. The Interdepartmental Fuel and 
Energy Committee Action Plan for Energy Conservation and Effi- 
ciency in Large Buildings, Appliances, and Transportation dated 
August 9, 1972, delineates the tasks of this Ad Hoc Committee 
and requires submission of the Committee's Report within six 
months after its first meeting. The first meeting of the Ad Hoc 
Committee was held on September 7, 1972. This Report addresses 
life cycle energy conservation and efficiency in large buildings 
throughout the entire processes of design, construction, and 
maintenance and operation for both public and private new and 
existing buildings. 
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B. AD HOC COMMITTEE MEMBERSHIP 

General O^Hara appointed the Ad Hoc Committee members 
as shown In Appendix D. The membership Is composed of well- 
qualified professional architects, engineers, maintenance and 
operation specialists, contractors, labor representatives, and 
large building owners and managers. Both the governmental and 
private sectors are represented, as well as professional societies 
and organizations • 

C. SIGNIFICANCE 

The United States with 6 percent of the world's popula- 
tion uses 35 percent of the world's energy. Total energy consumed 
in the United States in 1970 was equivalent to 80 persons working 
for each of us to maintain our modern way of life. In the past 
100 years, overall demand for energy in the United States has 
Increased twentyfold and the rate of Increase Is accelerating 
sharply.^ 

Commercial buildings alone account for about 15 percent 

2 

of the total United States energy constimptlon. Although energy 
consinnptlon data in the other two building categories Included in 
this Report (Institutional buildings and large multi-dwelling 
residential complexes) is not available, it is readily apparent 
that these three areas constitute a substantial portion of the 

Kenneth F. Weaver, "The Search for Tomorrow's Power," National 
Geographic , November, 1972, p. 654. 
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*Erlc Hirst and Robert Herendeen, "A Diet Guide for Chronic 
Energy Consumers," Science Review , October 28, 1972, p. 66. 



total United States energy consumption. Therefore, If significant 
energy conservation and efficiency can be attained In large build- 
ings, this will make a very favorable contribution to lower critical 
energy requirements. 

D. OBJECTIVES OF THE REPORT 

The objectives of this Report are as follows: 

1, Determine the energy effectiveness and effi- 
ciency of the design, construction, and maintenance and operation 
processes for providing and operating large new and existing 
buildings, 

2«. Identify changes in the above processes which 
would Improve the efficiency and conservation of en'ergy in large 
buildings. 

3« Define the optimum roles of the building 
owner, designer, the constructor, and the operator in energy 
conservation in large buildings, 

4, Draft guidelines for energy efficient design, 
construction, and maintenance and operation of new, rehabilitated, 
and existing large buildings. 

E. SCOPE OF REPORT 

1. This Report consists of the review and analysis 
of the overall energy requirements for large buildings and how 
this energy use is Influenced by the design, construction, and 
maintenance and operation functions involved. This is followed 



by guideline recoimnendatlons for Improved energy efficiency and 
conservation. 

2. The Committee focused on the study of large com- 
mercial type buildings. Institutional buildings, and large multi- 
dwelling residential complexes. 

3. A great number of excellent studies, presentations, 
articles and papers and comments on them were analyzed to Identify 
lessons learned and potential design, construction, and maintenance 
and operation changes for obtaining greater energy conservation In 
the future. These studies were used as departure points, and addi- 
tional technical Information was collected from other sources, 
Including personal Interviews and discussions. 

A. Due to limited resources of time, personnel and 
funds. It was possible for the Committee to make only a limited 
nt^ber of In-depth studies. It was not feasible to conduct any 
research, development, test and evaluation programs. The Committee 
necessarily based Its guideline recommendations on search of avail- 
able literature and the extensive professional experience and 
expertise of Committee members* The Committee Identified many 
areas where extensive studies and Investigations must be made In 
the future. This will require a commitment of personnel and funds 
in substantial quantities over a considerable period of time. 
These study requirements are detailed in the body and recommenda- 
tions of the Report. 

5* Industrial processing plants and off'-site utility 
generating plants were not considered by the Ad Hoc Committee due 
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to resource restraints; however, they are users of great quantities 
of energy with considerable potential for energy savings, and 
therefore should be the subject of future studies. 

6. While the Ad Hoc Committee recognizes that the 
subject Is not strictly within the purview of large building 
energy conservation. It feels that a detailed study of the present 
utility rate structure should be made since as presently constl- 
tuted It appears to promote the Inefficient use of energy by the 
large consumer. 

F. ORGANIZATION OF REPORT 

1. This Report Is composed of a broad summary and 
overview of the energy conservation aspects of large buildings. 
These are followed by the three Subcommittee Reports containing 
detailed studies and guideline recommendations In the three areas 
of design, construction, and maintenance and operation. 

2. Recommendations are organized Into three categories; 

a. Short Range * to be accomplished within 

the next two years. 

b. Middle Range « to be accomplished within 

two to five years from the 
present* 

c. Long Range « to be accomplished after 

five years from the present # 

3. Recommendations are written to preclude substantial 
changes to the current standard of living and environmental comfort 
of the general population, and without creating an impediment to 
the orderly growth of business within New York State. It Is 
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recognized that energy demands will continue to grow and that these 
progressive demands must be considered. However » they must be con- 
trolled within the capabilities of current &nd anticipated energy 
sources. 



II. ABSTRACT 



Unwarranted amounts of energy are wasted each year In providing 
major public and privately owned buildings and the desired environ- 
ment within them* Improved design, construction, and maintenance 
and operation can save significant amounts of energy without lm« 
palrment of these processes, throughout the life cycle of these 
buildings, arbitrarily established as 50 years* 

To successfully attain the above energy conservation, In- 
creased cooperation and coordination among owners, designers, 
contractors, maintenance and operation personnel, labor, and 
governmental agencies will be necessary. 

By Implementing all of the recommendations contained In this 
Report during the life cycle of a large building, the result will 
be a reduction in energy consumption of more than 50 percent* 
Therefore, there is great potential for energy conservation in 
large buildings, with the accompanying significant benefit of 
dollar savings* 



111. ENERGY CONSERVATION OVERVIEW 



A. BACKGROUND 

1« Present owners, designers, constructors and 
operators of large buildings £ace even greater energy conservation 
problems than those which have historically plagued them In the 
past. This Is caused by greatly Increased overall costs and 
current and anticipated energy shortages. 

2« Energy conservation in large buildings must start 
with the owners and designers* The designers must take Into con- 
sideration not only design, but also both construction and malnte^ 
nance and operation requirements ^ In order to achieve maximum 
possible energy conservation* However, the overall responsibility 
must be shared by the three disciplines Involved* If contractors 
and maintenance and operation personnel do not provide feedback to 
designers, then optlmxmi energy utilization cannot ultlmat«sly be 
accomplished. 

3* Constructors of large buildings should share 
their expertise with both the designers and the maintenance and 
operation personnel. The contractors must become aware of 
possible energy conservation methods In the construction phase* 
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4« The maintenance and operation personnel will be 
living with the building over Its entire life cycle. It is 
Imperative that they have Input to both the design and construc- 
tion phases* For example, the maintenance personnel must service 
equipment and therefore must have sufficient apace available In 
order to maintain equipment properly. Operators also have a 
responsibility to Insure that equipment can be operated In a 
reasonable manner, consistent with manpower requirements* 

5« All three areas of Interest, designer, constructor, 
and operator must be willing to accept a give-and-take attitude 
to achieve the best overall long-run energy conservation within 
budgetary constraints* The Architectural /Engineering Project 
Design Review Board Is one prime technique, especially at the 
schematic and preliminary design phases of a new building or major 
rehabilitation of an existing building, to utilize this Input 
from all three disciplines' expertise affecting each others fields* 
One such project review board Is explained In Annex A3* 

6* The study of energy conservation and efficiency In 
large buildings Is a very complex srrbject* The following list 
represents the major considerations Involved In this Report; It 
provides an appreciation of the order of magnitude of effort 
required to develop the optimum programs for energy conservation 
In large buildings* 



a« Defjlgn Phase Considerations: 

- Energy Saving through Building 
Configuration and General 
Design Features 

- Design o£ Fossil Fuel Heating 
Systems for Energy Efficiency 

• Energy Efficiency in 
Electric Space Heating 

« Design of Cooling Systems 
for Energy Efficiency 

Design of Ventilating Systems 
for Energy Efficiency 

- Lighting Energy Conservation 
in Large Buildings 

^ Effect of Insulation on 
Energy Utilization 

<- Reduction of Heat Losses 
and Heat Gains at Building 
Entrances and Lobbies 

- Effect of Building Material 
Selection on Energy Utilization 

- Energy Efficiency through 
Heat Recovery 

- Cost/Benefit Ratio Analysis 
in Energy Conservation 



b. Construction Phase Considerations: 

- Temporary Heat and Services 

• Building Codes 

Joint Committees on 
Construction Problems 

« Efficiency in Construction Management 

- Instruction of Maintenance 
and Operation Personnel 

- Labor Benefit Portability 
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c. Maintenance and Operation Phase Considerations 

EstabllBh Minimum Levels 
of Environmental Comfort 

Establish Hours of Operation 

- Reduce Electrical Peak Demands 

- Power Factor Correction 

« Shut-Down/Start-up Procedures 

- Check and Improvement of 
Equipment Efficiencies 

- Operating Techniques Utilizing 
Night Setback and Thermal Lag 

- Installation or Utilization of 
Existing Economy Cycle Equipment 

- Combustion and Heating 
System Efficiencies 

« Lighting and Energy Conservation 

« Water Conservation 

« Tax Incentives 

« Alterations to Existing 
Buildings and Demolition 

- Preventive Maintenance Programs 

- Establish Occupancy Standards 

B. POTENTIAL ENERGY CONSERVATION 

Specific recommendations are stated in the three Subcom<» 
mlttee Reports in Appendices A, B, and C and will not be repeated 
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In this section. The table shown below Indicates the estimated 
potential percentage reduction of energy consumption In large 
buildings If all of the recoiwnendatlcj.^ contained In this Report 
were Implemented* 



TABLE 1 

CUMULATIVE ESTIMATED PERCENTAGE 
REDUCTION IN ENERGY CONSUMPTION 



Recotmnendatlon 
Category 


New 
Buildings 


Rahabilitated 

Existing 
Buildings 


Maintenance 
and Operation 
Functions 


Short Range 


20 


10 


15 


Middle Range 


35 


15 


20 


Long Range 


50 


20 


25 



NOTE: Percentages shown In above table cannot be added horizontally 
since these reductions apply only to each specific elasslf 1* 
cation. 



This table shows that anticipated total building life cycle 
energy savings for a new building which Is designed, constructed, 
maintained and operated and rehabilitated, as required, in accord*- 
ance with this Report's recommendations should result in a saving 
of mor(e than 50 percent. 
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C. GENERAL COMMENTS 



Significant overall comments in regard to important 
implications of some of the Report recommendations are detailed 
below. 

1. Complexity of Energy Requirements 
and Conservation 

Energy requirements, including conservation, 
Is a complex, many faceted problem which to solve will require a 
great magnitude of effort, including research, development, test, 
evaluation, studies in many disciplines and many millions of 
dollars to fund. An example of this complexity is cited in an 
article in Government Executive magazine for February 1973, in 
which the writer states, ^*Amid cries for a well-coordinated, goal 
oriented energy policy, 64 Federal agencies maintain some input 
to energy decisions."^ 

Another example of this complicated problem is 
detailed in a United States interagency report entitled The Potential 
for Energy Conservation .^ This study points out that many measures it 
proposes require further investigation, legislation and review for 
economic Impact. Significant changes in tax authorities and energy 
prices must be examined. Complex questions of feasibility and con- 
sumer acceptance are also brought up by the suggested measures. 

^John Wllpers, Associate Editor, "The Energy Crisis: Who^s in 
Charge Here?," Government Executive , Febrtiary, 1973. 

United States Government Interagency Staff Report, The Potential 
for Energy Conservation , Stock No. 4102-00009, Government Printing 
Office . 
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The means of carrying out conservation measures 
fall Into three general categories: standards and regulation, tax 
Incentives (credits and penalties) and educational campaigns* 

The study pointed out that the use of standards 
and regulations offers precise control^ but they may be difficult 
to compose and monitor. Their existence may also Inhibit Innovative 
solutions* 

Tax Incentives and penalties can provide financial 
Inducements for energy conservation. The report added that educa- 
tlonal campaigns are the least coercive of all programs and can help 
develop support for more stringent measures. 

2. Centralized Coordination Required 

The magnitude of the energy conservation problem 
requires centralized coordination of the effort at the national 
level under sponsorship of an agency such as the National Bureau 
of Standards, United States Department of Commerce, or by the pro- 
posed United States Department of National Resources, if established 
as recommended by President Nixon. This national body should pro- 
vide overall direction and coordination of the energy conservation 
program with assistance from the 50 states, the professional and 
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technical societies and associations and other Interested groups 
such as Industry, contractors, utilities, building owners and 
managers, labor representatives, etc* This centralization must 
be done to obtain the optimum results from the resources available 
for this Important program* If the Individual states and other 
organizations try to go It alone, there will be untold duplication, 
as Is now being done, with little productive output attained* New 
York State should be in the lead In recommending that this national 
level program be Instituted, with a request to be given specific 
assignments to study certain aspects of the energy conservation 
problem* The results of these studies would be fed back to the 
national coordinating body which would then disseminate them to all 
Interested parties* This should be standard procedure for all 
organizations specifically Interested In energy conservation, 

3. Building Codes 

An ln*depth study should be Instituted to 
analyze existing building codes to determine whether they need 
revision in order to conserve energy* This study should be 
organized on a national basis, using the staff and expertise of 
organizations such a& the National Bureau of Standards* If a 
need for code revision is validaced, then a standardized common 
code for the State of New York should be developed, based on 
minimum acceptable design and performance standards, through 
national consensus procedures, such as the American National 
Standards Institute* This code should be modified for the major 



cities of New York City, Buffalo, Rochester, Yonkers, and Albany 
which, due to great numbers of congested high-rise buildings, 
have special requirements for fire protection and safety. 

4. Tax Incentives 

To Incorporate a number of the energy conserva- 
tion recommendations of this Report Into existing buildings will 
Initially cost owners considerable sums of money; however, there 
will be an economic payoff In time due to decreased energy 
consumption. In many cases, these expenditures can be amortised 
in two to five years. Tax incentives should be utilized to 
economically persuade private building owners to make these initial 
Investments. Precedent for tax reduction Inducements in the best 
interests of the State exists in the New York State Department of 
Commerce's Job Incentive Program. 

While it is realized that such tax incentives 
decrease the tax base from which governmental units are financed, 
this reduction would be comparatively small and for a relatively 
short period of time. 

An alternative to tax incentives, would be to 
encourage the Federal and/or State Governments to enter into low 
interest rate loan programs for private businesses to cover addi- 
tional energy conservation costs. 
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5. Environmental Cleanup and 
Energy Requirement Trade-Offs 

Pollution reduction versus energy conservation 

must be studied and reasonable trade-offs developed. In his State- 

of «>the-Unlon message to Congress on February 15 » 1973, President 

Nixon said In part, "All development and use of energy sources 

carries environmental restrictions and we must find ways to 

minimize those restrictions while also providing adequate supplies 

of energy* I am fully confident that we can satisfy both of these 

Imperatives." He warned: In protecting the environment, "We must 

strike a balance to permit expansion of energy supplies." 

6. Educational and Communication Programs 

One of the first steps to Implement the short 
range recommendations of this Report Is to Initiate a State sponsored 
public communication program relating to the energy crisis and the 
need to conserve energy. This program should use the various media 
and Include specific energy conserving instructions. Supplementing 
and following this communication program, a State sponsored educa- 
tional program should be offered for owners, designers, constructors, 
operators and occupants of large buildings. 

7. Legislative and Executive Orders 

In order to implement some of the specific re- 
quirements contained in this Report, legislation or executive orders 
will be required. Also, some of the future studies will surely re* 
suit in additional requirements for new or modified legislation. 
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As noted In the Action Plan of the Interdepartmental Fuel and Energy 
Comnlttee, that Committee will be responsible for developing the 
required legislation and executive orders to Implement guideline 
recommendations of this Report, as required* 

80 Limited Resources of Ad Hoc GorarotLttee 

Due to limited resources of time, personnel, 
and funds, it is regretted that the Ad Hoc Committee could not 
study in depth the extremely vital, complex problem of energy 
conservation* Years of effort and millions of dollars will be 
required to successfully investigate, study, analyze, and develop 
solutions to this vast problem* Technical, economical, environ* 
mental, legislative, and political implications of all aspects of 
energy consumption must be studied and resolved* 

9* Future Studies on Energy Conservation 

In future, continuing in-depth studies of 
energy conservation, adequate resources must be provided including 
sufficient qualified, professional personnel, available on a full- 
time basis, in addition to necessary staff and facility support, to 
satisfactorily accomplish such studies* 

10. Guideline Recofir\endations Require Resources 

Many of th& recommendations made in this Report 
can be placed in effect now if necessary personnel and funds are made 
available to permit their being accomplished* It is pointed out that 
this program will be doubly beneficial in that recommendations, when 
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Implemented, will not only result In energy conservation, but 
ultimately In reduced expenditures of funds; however. It must be 
clearly noted that additional resources will be necessary. Initially, 
to place these reconnienddtlons In effect* In other words funds will 
have to be spent In order to achieve subsequent energy conservation 
and save dollars. Such resources must be made available or the 
basic objective of producing the right design, the right construc- 
tion, and the right maintenance and operation of large new and 
existing buildings to maximize energy conservation cannot be carried 
out* 
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IV. SUMMARY OF MAJOR GUIDELINE RECOMMENDATIONS 



A. GENERAL OVERALL RECOMMENDATIONS 

It Is strongly recommended that due to the magnitude of 
the overall energy conservation program^ that centralized coordlna* 
tlon of this vast effort be established at the national level, such 
as the National Bureau of Standards or the proposed U. S. Department 
of Natural Resources at the earliest possible date. This complex 
program Includes design criteria development, establishing uniform 
energy conservation standards and procedures for the design, con- 
struction, operation and maintenance of large buildings, and necessary 
legislation and regulatory body code changes as required. This national 
body should provide overall direction and coordination of the total 
energy conservation program, assisted by the 50 states, professional 
and technical societies and associations, and other interested groups 
such as Industry, utilities, contractors, and building owners. Such 
C'';;ntrallzatlon is required to obtain optimum results from resources 
available to accomplish this vitally important program. If individual 
states and other organizations proceed Independently, there will be 
untold duplication, as is now being done, with comparatively little 
output attained. 

The following three sections summarize the major guideline 
recommendations in Energy-Efficient Design, Construction, and 
Maintenance and Operation of Large Buildings, in the Short, Middle, 
and Long Ranges, respectively. For an in-depth description of the 
detailed study and reconnendations, see Appendices A, B, and C. 
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B. MAJOR GUIDELINE RECOMMENDATIONS FOR 

ENERGY->EFFICIENT DESIGN OF LARGE BUILDINGS 

1. Short Range 

The following guideline recoxnmendatlons are for 

accomplishment within the next two years. 

a. In buildings at start of planning stage, study 
site for natural assists to environment control problems » such as 
microclimate, winds, trees, exposures and adjacent structures. 

b. In buildings already planned, but without con« 
structlon documents, analyze each exposure separately for: 

Use of natural light. 

Heat gain by conduction In summer and winter. 
Heat gain and loss through radiation at glass 
areas . 

Impact on ventilation, heating and cooling 
through openable sections of outside wall. 

c. Use most recent criteria In selecting outdoor 
design temperatures. Consider building heat storage capacity, 
occupied hours, dally temperature range, auxiliary sources of heat, 
etc. 

d. Size heating equipment so that gross output does 
not exceed approximately 125 percent of the net heating load. When 
the net heating load exceeds 1,000^000 Btu per hour, use multiple 
boiler approach. 

e. Design central heating systems to take advantage 
of Internal heat loads and thermal lag. Use as many heating zones as 
economically feasible. 
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f« Additional design considerations: eliminate 
standing gas pilots, utilize heat recovery for systems with large 
Tnakeup air requirements, use separate domestic hot water heating 
equipment for summer use, use systems to recover flue gas energy 
and study indoor temperature requirements In more detail when 
selecting design conditions • 

g. Establish a professionally qualified independent 
Investigating group at the national level, with no commitment, pro or 
con, to establish the effectiveness of energy use in electric heating, 

h. VTheid electric heating is used, use the baseboard 
type with each unit containing its own thermostat. Electric reheat 
should not be used. Consider variable air volume or heat recovery 
systems in lieu of electric reheat. Electric heat pumps should be 
considered in the context of a complete system. 



1. 



Design cooling systems for more efficient use of 



energy, as follows: 



Use outdoor design conditions based on 



conditions which are not exceeded more 



than 5 percent of the time. 



Avoid over-sizing of equipment. 



Consider use of heat-of-light systems 



where light levels exceed 75 footcandles. 



Avoid use of high pressure, high horsepower 



central fan systems. 



Use direct outside air supply to ftmie and 



exhaust hoods where possible. Provide hoods 



at equipment and exhaust non-recoverable heat 




and moisture directly to outdoors* 
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Use area or spot cooling for special purpose 
areas. 

Study energy consumption of air-cooled versus 
water cooled condensers before selection of 
equipment. Design equipment on a modular 
basis. Specify packaged equipment on a 
Btuh/watt basis for greater efficiency. 
Provide proper controls to maintain flexibility 
of operation In large central systems, 
j. Design ventilating systems for more efficient use 
of energy, as follows; 

Investigate ways to introduce ventilation air 
from outdoors directly Into areas which re* 
quire high ventilation. 

Zone ventilating systems so that spaces not 
requiring ventilation may be easily shut off. 
Utilize chemically activated deodorizers in 
toilet rooms and locker rooms to reduce the 
need for excessive ventilation, 
k. Design lighting systems for more efficient use of 
energy as follows; 

Design lighting for expected activity. 
Design with more effective lighting fixtures, 
windows and skylights. 

Use efficient light sources (higher lumen/watt). 
- Provide flexibility in the control of lighting. 
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I. Reduce heat loss and heat gain through building 

walls, roofs, windows, etc., by the following; 

Require storm windows or double glazed sash 
on new and existing buildings. 
Require that adequate Insulation be provided 
In walls and roofs of new buildings and 
where practicable In existing buildings, 
m. Design building entrances and lobbies for minimum 

heau losses and heat gains as follows: 

Install revolving doors or entrance vestibules 
to replace single bank doors In new and exist- 
ing buildings which have Infiltration problems 
at entrances. 

In new and existing buildings, seal the build- 
ing envelope, particularly at upper floors, so 
as to obtain a tight building, if the building 
is designed as a sealed building, 
n. Energy may be saved through heat recovery. 

Recognize that there is energy available 
within buildings which can be recovered and 
reused, thereby reducing primary energy 
requirements. 

Use heat recovery principles in designing 
heating, ventilating and air conditioning 
systems. 

Use heat pumps where feasible in buildings. 
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o« A coat/benefit ratio analysis will be of great 
benefit In energy conservation as follows; 

All state agencies Involved In building 
construction should require a 50 year 
cost/benefit analysis study for each 
major project Including an Isolated 
study of energy use. Design fees should 
be Increased to permit both the comparative 
studies and the cost/benefit analysis. 
All building programs assisted by State 
funding (housing, schools, medical 
facilities, etc.) should be required to 
comply in a similar manner. 
The private sector, particularly banks and 
insurance companies that provide mortgages 
for speculative building, should be encouraged 
to require cost/benefit analysis before grant- 
ing loans. 

p. Architectural /Engineering Project Design Review 
Boards should be utilized to provide technical/professional reviews 
of major nevr and rehabilitation projects at prime milestones of 
design and follcwing completion of construction. These boards include 
owners, architects, engineers of each specialty, maintenance and op- 

1 

eration personnel, construction supervisors and inspectors. The 
review insures that the project design results in an energy efficient 
facility from all possible angles. 
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2. Middle Range 

The following guideline reconnnendatlons are for 
accomplishment within two to five years from the present. 

a. State construction agencies should designate 
certain State projects as energy conservation projects. 

b. The most significant changes to pursue In the 
design of ventilating systems would involve the various governmental 
.snd municipal agencies to jointly modify their existing codes and to 
reach agreement on ventilation standards rs developed by the national 
energy conserva^r '.on coordinating agency. 

c. Illuminating Engineering Society (lES) should 
refine light level criteria to Include maximum as well as minimum 
standards. 

d. The design of heating, ventilating, and air 
conditioning systems should Include control of Interior static 
pressure throughout the structu've. 

3 • Long Range 

The following guideline recommendations are for 
accomplishment after five years from present. 

a. Develop new, more versatile, higher performing 
building skins Including: 

Flexible solar devices. 
Higher Insulating capability. 
Reduced Infiltration. 
Greater thermal retention. 
Selective Insulation gain. 
Interchangeablllty to respond to different 
^ conditions. 
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It Is recomeaded that the single national energy 
conservation agency undertake the development and coordination 
of this effort. 

b. The State should utilise the results of any 
study approved by the national energy conservation agency on 
minimum ^'U" values for vails, roofs, floors and vlndoirs and require 
the use of these minimum "U*^ values In new construction through 
legislative or other action. 
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C, MAJOR GUIDELINE RECOMMENDATIONS FOR 

ENERGY^EFFICIENT CONSTRUCTION OF LARGE BUILDINGS 



!• Short Range 

a. Temporary Heat and Services 

Utilize the Design and Construction Group of 
the New York State Office of General Services 
specifications for Temporary Heat during con* 
struct Ion ot new buildings as a model or 
standard In building construction contracts* 
Use the permanent heating, electric, water, 
and other systems, wherever possible during 
construction of new buildings In order to 
eliminate the provision of temporary services, 

b. Efficiency in Construction Management 

All designers should consult with contractors for 
their Inputs, during both preliminary and final design phases, for 
information and recommendations on construction technology and 
economies, with especial emphasis. on ways and means for conserving 
energy. 

c. Instructi^^rt of Maintenance and Operation Personnel 
Employees of the owner who will maintain and 

operate newly installed equipment should receive instruction in 

their maintenance and operation from qualified representatives of 

the prime contractor(s) , hi^ subcontractors, vendors, and manufacturers^ 

with the requirement for such Instruction to be set forth in the 

specifications. 
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2. Middle Range Recommendations 

a. Building Codes 

An In-depth study should be Instituted at the 
national level to analyze existing building codes to determine 
vhether they need revision In order to conserve energy. If such 
a need Is validated, then a standardized, common code for the 
State of New York should be developed, based on mlnimiim acceptable 
performance standards, using national consensus procedures for 
establishing such standards. This code should except the major 
cities of New York City, Buffalo, Rochester, Yonkers, and Albany 
vhlch have special high-rise requirements, due to great numbers of 
congested high-rise buildings, especially In the areas of fire 
protection and safety. Specifically tailored energy conservation 
requirements should be developed for these cities. 

b. Labor Benefit Portability 

Sponsor or support legislation to assure 
portability of labor benefit programs. These would ultimately 
result in energy conservation by prcr^rlding a better supply of 
skilled workmen. 
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MAJOR GUIDELINE RECOMMENDATIONS FOR ENEJ^GY-EFFICIENT 



MAINTENANCE AND OPERATION OF LARGE BUILDINGS 



!• Short Range 

a* Guidelines for all State and Non*State Buildings 
Initiate a public communication/education 
program relating to the energy crisis and 
the need to conserve energy* 
The following energy«ef f iclent maintenance 
and operations features of large buildings 
should b^ recotnmended as guidelines for 
State, municipal and private buildings ; 
- Reduce corridor, room and outdoor 
lighting to the maximum extent 
consistent with operational require- 
ments, safety and security. The 
above-mentioned reductions in light 
level car be accomplished by turning 
off selected lights, substituting 
Incandescent lamps of lover wattage, 
reducing total illimination per area 
to the minimum requirement of the 
Illuminating Engineering Society, and 
Installation of additional localized 
switching* Control window brightness 
during daylight hours to redirect and 
utilize the available light* 
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Shut down air conditioning equipment and 
reduce heating levels to the Tnaxlmum 
extent possible on weekends and holidays 
In buildings unoccupied during those 
periods. 

Reduce heated and cooled air supply to 
unoccupied space such as storerooms and 
unoccupied areas. Establish minimum 
winter and rsaxlsnum summer operating 
tempere^tures as a function of room use. 
Reduce amounts of outside ventilation air 
used In central heating, ventilation and 
air conditioning systems to meet the 
minimum ventilations requirements. Insure 
proper use of economy cycle where equip- 
ment Is available. 

Give consideration, on days expected to be 
hot, to cooling the building below normal 
during the night and early morning hours 
and allowing the Inside air temperature to 
rise during the afternoon. This action 
would reduce the cooling requirement and 
the amount of power consumed by air 
conditioning equipment during the peak 
load period. 

Keep filter systems clean to Insure 
adequate circulation within the building 
and minimise fan horsepower* 



Inspect and repair where necessary, the 
wall and celling Insulation, caulking, 
weather stripping and storm windows of 
all buildings. 

* Verify that pipe Insulation Is provided 
on all steam or hot water lines passing 
through air conditioned spaces, and on 
all chilled water lines and ducts con- 
taining cold air which pass through 
non-air conditioned spaces* 

o Post instructions covering operation and 
maintenance procedures for occupants, 
building operators and building managers • 

Individual employees and tenants of large 
buildings of the State, municipalities and 
private sector should be encouraged to; 
•* Turn off window air-conditioning units 

shortly before the end of the business 

day. 

- Report leaky water faucets, radiators, 
piping, valves, etc. immediately. 

- Draw or partially close blinds, shades, 
and draperies on the sunny side of the 
building. 

- Keep windows or outside doors closed 
during heating and cooling seasons. 
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- utilize the minimum artificial lighting 
during daylight hours In rooms provided 
with adequate windows or skylight 
lllixmlnatlon. 

- Keep other unnecessary lights turned off^ 
such as those In storerooms, closets, or 
other spaces not being occupied. 

- Shut off lights when leaving the office 
or other work areas. 

- Turn off electric fans, coffee makers and 
other appliances when not required. 

b. Regulatory Codes 

Establish national regulatory codes to restrict or 
penalize the Inefficient or wasteful energy consumer. A central 
national agency should be empowered to serve as coordinator and 
distributor of allocated funds for Implementation of Federal code 
requirements. Note: The U. S. report on "Patterns of Energy 
Consumption In the United States" points out that many measures it 
proposes require further investigation, legislation and review for 
economic Impact. Consequently, any implementation of any New York 
State Committee's recommendations on energy conservation should be 
closely coordinated with those of the Federal Government. 
2. Middle Range 

a. Mandatory Requirement for only State Buildings 
Require each State facility to Implement the 
reconmendationa on energy conservation of this section. This imple- 
mentation shall Include the planning of capital Improvements and 
O manpower necessary to realise these energy savings, plus any required 
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executive orders. (The State should print and distribute copies of 
this report to each State facility.) 

The proposed recommendations for each State facility 

are as follows: 

All items of previous section on short range 
recommendations which have not been implemented. 

Assign a top management official and staff 
personnel at each major State facility to monitor and supervise the 
energy conservation effort to insure that prescribed guidelines are 
being carried out. 

• Publicize the use of strict conservation 
practices through announcements at staff meetings i notices posted 
on bulletin boards, and newsletters. Where reductions in equipment 
use are made in public buildings or facilities, post notices describing 
why this is necessary. 

Consider changing the working hours in areas 
where employees occupy air conditioned buildings, so that quitting 
time occurs prior to the period of peakload demand at which time 
air conditioning would be shut down. Consideration should also be 
given to shutting down of air conditioning equipment prior to quitting 
time. 

b. Distribution of this Report 

Print and distribute copies of this report to the 
operators of all large non-state buildings and request voluntary 
implementation of its energy conservation guidelines. 

c. Prototype Implementation 

On an existing large State building, implement the 
recommendations of this report as a prototype to quantify conservation 
; 34 



of energy principles and any possible resulting reduced maintenance 
and operation costs* 

d* Envlroiuaental Pollution vs Energy Crisis 

Inltlatre a complete study to review and evaluate 
the existing environmental pollution codes versus the Energy/Fuel 
Crisis* Revise the criteria In New York State pollution codes, 
accordingly, to reflect the requirements of existing energy crisis, 
If allowable by U» S» Government standards. Bring this problem to 
duly authorized Federal authorities If changes required cannot be 
accomplished* 

3« Long Range 

a* Review and revise public utilities rate structures 
to encourage energy conservation* 

b« Establish tax Incentives aimed at energy conserva*- 

tlon* 
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r. lOTRODUCTION 

Eventually, every energy expenditure of a building can be re- 
lated back to decisions made in the design stage. During the 
construction of the building, the materials used, the amoTints of 
materials employed to satisfy program requirements, the selection 
and design of structural systems, and the means used to incorporate 
the materials into their positions in the building all require 
varying amounts of energy. 

After construction is completed and vhen the building is in 
use. Its energy consumption per year will be determined to a great 
extent by the performance requirements built into it during the 
design stage - the amount of heating necessary to replace the heat 
lost through the walls, roof, openings and ventilation; the amount 
of energy expended by using the lighting system; the amotint of 
cooling required to offset heat gained by solar radiation, heat 
from lights, people, and equipment heat exhaust; the amount of 
energy to carry on special building activities - e.g. merchandising, 
office equipment operation and advertising; the amount of energy 
required to operate the pumps and fans built into the structure; and 
the amoiint of energy required to operate the building as determined 
by the actual efficiency of the equipment and of the fuel source. 

The maintenance and operation of the building is to some extent 
fixed at the design phase. A complex system that will not operate 
near its design level will represent an energy wastefulness. "Where 
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over- sensitive adjustments are necessary for efficient performance, 
absence of skilled and specially trained maintenance personnel can 
result in excess energy use. An over-simplified system, such as 
one with either too few controls of lighting or limited number of 
temperature zones will also require unnecessary energy consumption. 

The designer's lack of knowledge about construction and mainten- 
ance and operation capabilities can result in the incorporation of 
building features that do not perform as anticipated, such as build- 
ings with greater heat losses than the heating plant was designed 
to offset. 

Since the design process predominately predetermines energy 
consumption, the committee members have looked into some of the 
energy uses in all of the above areas where significant reductions 
may be achieved by careful and coordinated design decisions. Where 
areas of possible savings have been identified^ but were not pos- 
sible of being researched due to resource limitations, these have 
been included as subjects for future study. 

Because some recommendations could be put into effect immed- 
iately, others could be in the near future with minor administration 
or code changes, and others require longer range studies, develop- 
ment of new equipment or changes in technology or construction 
practices, we have catalogued our recommendations as short range - 
within the next couple of years, middle range - from two to five years 
hence; and long range - beyond five years. 

The current nationwide search for the means to reduce energy 
demand and consumption has led to the simultaneous preparation of n 
number of independent studies with some overlapping. Where we have 
found such studle?^, we have extracted conclusions if they seemed 
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applicable to this report. Undoubtedly^ the months aheiyl will 
produce additional recommendations that might well be added to 
those listed. The divisions of the report have been determined 
more for editorial coxr\renience than for the purpose of isolating 
the areas of saving by category. The interrelationships and trade- 
offs - the effect of one decision on wother^ the increased initial 
dollar costs necessary to achieve long rasige dollar (and energy) 
savings - are too conplex, in general, to be deeilt vlth in a satis- 
factory manner in this report , due to limited resources of time, 
personnel and dollars. 
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II. 

We have made some rou£^ eyaluations of possible exiergy savings. 
If all the reconnendLatioxis contained in the short range category 
were incorporated in ntnr building designs , an energy saving of 
approximately 20^ mig)it be expected. Alterations to cidsting build- 
ings could reduce their energy consumption by about 10^. 

If all the reconoendations contained in the middle range cate- 
gory were incorporated in nev building designs , an additional energy 
saviz^g of 1^ might be expected. Alterations to existing buildings 
might further reduce their energy consxuctption by 

If all the recommendations contained in the long range cate- 
gory could be achieved and were incorporated in new building designs, . 
a further energy saving of 13% might be expected. Alterations to 
existing buildings could reduce their energy constxnrption by an ad- 
ditional 3%. These total approximately 30^ for new, and 20% for 
existing buildings V 



ERIC 



DESIGN 



III, DETAILED STUDIES OF BUILDING DESIGN 

Various specific areas affected by design decisions are separately 
discussed with specific recommendations in each area, as follows: 
A, ENERGY SAVING THROUGH BUILDING CONFIGURATION AND GENEI^L 
DESIGN :FEATURES , 
1. Discussion : 

a. The shape of a building, its orientation, the 
positioning in relation to prevailing winds, its depth to width 
ratio, the maximvun distance from an interior point to an outside 
wall, and its floor area to height ratio all 'iiave an effect on the 
eventual energy consumption of the building, in addition to the im- 
mediate effect of the building materials that go into the construction. 

b. The immediate effects of different wall and roof 
performance standards, lighting standards, natural ventilation, and 
mechanical provision for heating, cooling and ventilation are dis- f 
cussed elsewhere. The impact of building configuration and general 
design features on energy efficiency is the sole concern of this 
section. 

c. There are conflicting requirements made on an 
exterior wall. Meocimum glass area can reduce light requirements 
(if provision is made to reduce lighting when natural light is ade- 
quate) and can therefore, reduce the air conditioning to remove the 
heat of the unnecessary lighting. It also, depending on exposure 
and geographic location, introduces radiant heat from the sun, which 
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when balanced with increased transmission loss through the f^lass, c?xn 
reduce wintertime heating requirements. Summertime cooling reqiiire- 
ments will be increased. Depending on whether the glazing is single, 
double or triple, it loses an ascertainable amount of heat in winter, 
usually more than a non- glazed wall would. Reduction of solar loads 
may be accomplished in the design of the buildings by selective 
placement and size of glass areas, particularly on south and west 
facades, by the use of shading devices that will keep out a significant 
portion of summer sun, by the use of reflective glass (preferable to 
heat absorbLng glass which stores some of the heat in the glass and 
radiates it into the space), and by taking advantage of deciduous 
trees that will keep solar loads off parts of the building in summer. 
Density of construction will store day time heat and release it 
slowly at night. Green areas around a building will prevent the 
heating of masonry surfaces and the re-radiating of that heat into 
the bxiilding. If a building is seialed, it requires a mechanical 
system to deliver mandatory quantities of supply air for ventilation, 
heating and cooling. If it has oi)erable sections, (windows or 
louvers) the requirements for mechanical introduction of fresh air 
may be reduced for perimeter zones, but results in the accidental 
introduction of outside air and the consequential loss of heated 
and/or cooled air to the outside, 

d. There is also an important psychological com- 
ponent that is supplied by a view of the outside and even by the 
ability to open a window or other device and experience directly 
the temperature, noises and odors of the world outside the building. 
Hh'z internal programmatic requirements of the building can be markedly 

different in regard to the use or elimination of glass. For 
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example 9 a patient room in a hospital will want some vistial con- 
nection with the outdoors, while a recordin/^ studio will want a mas- 

:tivc nuaUerial that will keep cut unwanted c<nmd. 

e. In the past, in a period of necessarily low 

energy utilization, these various conflicting reqiiirements were put 
into a set of workable compromises that allowed minimum interjections 
of energy to create tolerable, often very comfortable living and work- 
ing conditions - light by candles, crystals and curved mirrors, heat 
provided by masonry stones and retained by heavy walls. In the opt- 
imization of energy use today, it is important to consider these 

principles, in addition to evaluating mcucimum mechanical performance 
inside a minimum surface area volume. 

f . Design review boards have been used to review de- 
sign documents of new construction. These boards include owners, arch- 
itects, engineers of each specialty, medntenance and operation personnel, 
inspectors and contractors. The review ensures that the design results 

in energy efficient design of construction from al3 possible angles. 
Annex A3 is an example of such a review board. 

g. The amount of building space required for the 
performance of certain tasks may be reduced through tighter program- 
ming and more efficient planning. 

h. The State, through its direct building programs 

and its subsidisation of other programs, directly or indil^ectly 

controls or influences billions of dollars worth of building con- 
struction, in s.chools, universities, hospitals, housing, community 

facilities, health facilities and transportation facilities. In 

addition, there are other sectors - commercial arid industrial, for 
example - whose bxiilding construction is influenced or controlled by 
State agencies such as the New York State Urban T)eveloproent Corporation. 
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State etgencles directly involved in the building field Include the 
Office of General Services, State University Construction Fund, 
Dormitory Authority, Health etnd Mental Hygiene Facilities Improve* 
ment Corjxjration, and others. If 5 percent of the buildings were 
fotmd tuinecessary, this would represent a significant savlrf?. For 
every $80 million in building that is saved, a megawatt of generating 
capacity is freed for other purposes. 

1. The feasibility of the development of computer 
programs to optimize energy savings through biillding design should 
be studied.^ 

2. Recommendations ; 

a. Short Range ; 

(l) In buildings already planned, but without 
construction documents, analyze each exposure separately for: 

(a) Use of natural ll^t to achieve: 
-savings in electric utilization 
-reduction Ik air-conditioning 

(b) Heat gain by conduction in sijwwier 
and winter, vhlch results in: 

-greater air-conditioning load 
-lesser heating load 

(c) Heat gain and loss through radiation 
at glass cureas, which changes air-conditioning and heating loads* 

(d) Impact on ventilation, heating and 
cooling through openable sections of outside wall, which result in: 

^ John L. ]Gnetzo,of Syslta and Hennessy Consult KnrcineerinK Firm, 
ACA Journal , December, injP, pp. ?6-r'8. 

A*8 



quirements. 



DESIGN 

-less mechanical ventilation re- 

-r,reater infiltration 

-less cooling at 55^ to 75° outdoor 

temperatures. 

-more noise (in some areas) 
(2) In buildings at start of planning stage: 

(a) Study site for natural assists to 
environmental control problems, such as: 

-microclimate 
-winds 
-trees 
-exposures 

-adjacent structures 

(b) Merge these determinants with those 
listed \inder a. (l), above. 

b. Middle Range : 

(1) If feasible, develop (or adapt) computer 
programs for design in all State buildings. Make this available to 
other planning groups of State agencies and the private sector, 
(consider grants fcr development of such studies), 

(2) Investigate the possibility of the State 
establishing an umbrella organization with powers to deal with 
regulatory agencies as well as private industry in regard, to energy 
conservation. 

(3) Designate certain State projects as energy 
conservation research projects, as the General Services Administration 
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has done with a new office building project in Manchester, N.H. , 
incorporating energy conservation designs* 
c. LongJRange: 

(l) Development of new, more versatile, higher 
performing building skins including: 

- flexible solar devices 

- higher insulating capability 

- reduced infiltration 

- greater thermal retention 

- selective insolation gain 

- interchangeability to respond to different 

conditions . 

It is recommended that a single national 
agency, such as Buildings Research Institute of the National Bureau 
of Standards undertake this effort. The State shotild participate 
in it, rather theui duplicate it. 
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B. DESIGN OF FOSSIL RJEL HEATING SYSTEMS FOR ENERGY EFFICIENCY 



1. Discussion ; 

A reasonable sophistication in engineering design is 
necessary to allow a heating system to perform efficiently and there- 
by provide a plant that can provide acceptable conditions with a 
minimum use of energy. 

a. General ; 

(1) Comfort Criteria 

Determine the comfort criteria necessary 
in accordance with the latest ASHRAE Guide. This includes: Design 
indoor temperature in winter and summer; design temperatures in 
areas of special application such as computer rooms; and include the 
controls necessary to maintain this design temperature over varying 
external environmental conditions. 

(2) Outdoor Design Temperatures 

Since we have considerable data that in- 
dicates that the winter design temperatures for New York City will 
be higher than 16 degrees F. for 97 ^ percent of the winter, it does 
not make sense to arbitrarily select the temperatures of 0 degrees F. 
or 5 degrees F. as a winter outside design temperature. Therefore, 
use 16 degrees F. for masonry buildings in New York City. Similar 
considerations should be made for other locations. 

b. Heating Load ; 

Determine the net heating load for the building, 
including an analysis of heat gains and losses in the building, the 
time at which these heat gains occur, the use of heat reclaiming 
devices, heating of outside air for variable ventilation requirements 
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with occupancy, heat gain sources (such as solar, lighting, people 
and equipri^nt), the types and complexity of the system sequencing 
and program of operation which will maintain the structure at the 
desired levels of comfort. Analyze the load profile on an hourly 
basis, since many of the heat gains in the building may not be avail- 
able at the time the peak heat loss occiirs. Do not use average 
values. Use the following criteria to determine the size of the 
heating eqpiipment necessary to meet the load: 
c. Sizing Heating Equipment 

(1) The heating equipment should be sized so 
that the gross output does not exceed approximately 125^ of the net 
heating load. If a boiler plant for a hi-rise OTiilding is very tightly 
designed, indications show that it might operate at maximum capacity 
for 50 to 60 percent of the entire winter. A boiler plant, however, 
that is over designed, (and many are over designed by 200 to 300 
percent), will never operate at full capacity d\iring any portion 

of the heating season, with consequent greater waste of energy. 

(2) Guaranteed Efficiency Method 

Large boiler installations are often bid 
competitively so that comparatively low efficiency installations are 
built. A method \^ch New York State has used successfully for ap- 
proximately ten years in bidding large boilers is the Guaranteed 
Efficiency Method. See Annex A-2. With this method the lowest 
responsible and reliable bidder is the bidder whose proposal is com- 
puted by the State as the lowest combined sum in dollars of the bid 
prion and the fiiel cost, and which will best prc^mote tho public 
interest. The fuel cost as estimated by the formula is :idded to the 
bid price. The sum of these is the basic which determines the 
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lowest combined value. The lowest combined value will be a factor 
in determining the lowest responsible and reliable bidder" as de- 
fined above. Thif? method promotes energy conservation. 

(3) Multiple Versus Single Heating Units: 

When the net heating load is greater than 
1,000,000 Btu per hour, consideration should be given to a multiple 
boiler approach, designed so that the gross output of the individual 
heating units involved will closely match the load profile of the 
structure at both high and low load conditions. Boilers should be 
controlled so each boiler goes from "lead" to "lag" position sequen- 
tially, either automatically or manually, per time period (daily, 
weekly or monthly). At least 90 percent of the modules should 
operate at 100 percent of their installed capacity. As long as oil 
fired or gas fired equipment operates at peak capacity, maximum 
combustion efficiencies can be maintained. Many utility companies 
have found that modular boilers are saving about 30 percent of the 
fuel that would be used in a boiler plant utilizing only one or two 
large fire tube boilers. 

(k) General heating systems should be designed 
making maximum use of internal heat gains in order to save energy 
utilized. 

c. Zoning ; 

It is extremely wasteful of energy to try to con- 
trol the entire heating system of a high-rise building with only one 
or two zones. To realize good control over energy usage, use as 
many individual zones as required and economically feasible. In 
addition, design of the distribution system should use a similar 

design concept so that it will neither overheat nor overcool a 
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particular section of the structure in order to maintain a comfortable 
level of internal temperature in another portion of the structure. 
Vhere this is difficult to achieve, consideration should be given to 
operating an isolated heating and cooling system for those portions 
of the structure which have imusual heating and cooling requirements. 
Examples of these are: computer rooms, dining rooms, kitchens, con- 
ference rooms, etc. 

d, M;^"*n tenance & Operation Manual ; 

Composite, integrated maintenance and operation 
instructional manuals coordinating all trades and equipment of the 
structure for optimal system oi)eration are a design responsibility. 
At the time the equipment is installed, clear, concise, indestructible 
printed instructions should be permanently motinted near each major 
item of equipment describing operation steps reqtiired for efficient 
performance and designating where operating personnel can have 
questions answered, or obtain emergency assistance. This should be 
done during the construction document phase of the project design, by 
a Maintenance Specialist through the architect /engineer as a contract 
requirement, with a fee adjustment to take care of this additional 
design requirement* 

e. Additional Design and Development Considerations ; 
(l) It is estimated that gas pilots consume 

more than 223 billion cubic feet of natural gas per year in the more 
than 30 million gas -heated homes in the United States. Pilots on water 
heaters, gas dryers, refrigerators and other appliances waste ad- 
ditional gas. Electric ignition should be used in place of standing 
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gas pilots for gas burners.^ 

(2) For every project which requires more than 

?,000 CPM of fresh air, corinuleraldon should be tjiven to devices 

which will transfer enerpy'l^om the building exhaust air to in- 
p 

coming fresh air. 

(3) It has been proven that less fuel is used 
in fired heating equipment operated near its rated capacity than in 
equipment operated at a low percente^e of capacity. Accordingly, 

it is more economical in terms of fuel consumption to use separately 
fired domestic hot water generating equipment rather than to use a 
heating boiler at a small percent of its capacity in the summer. 

(k) Institute the development of a low cost, 
simple control device that can be installed inexpensively on each 
piece of radiation and which will react rapidly to local environmental 
conditions. This would be an extension of current industry recom- 
mended practice to have local (individual area) zone controls. 
Local zone control is not yet pro\i.ded in such building categories 
as New York City housing. The control device must be part of a 
system design which can react to load chajiges, and thus, decrease 
fuel usage proportionally. 

(5) The heat pipe, which has no moving parts, 
is a relatively new development in efficient heat transfer. Hence, 
there should be excellent applications for this product, particularly 
in recovering waste heat from flue gases and other exhaust air. It 
must be kept in mind, however, that the flue gas temperature in a 

""■Pred S. Dubin, "If You Want to Save Energy'', AIA Journal , 
December, 1972. 

2 

Ibid. 
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well designed system approaches the mimirauro necessary to prevent 

condensation and provide draft, 

(6) Replace Outmoded Inefficient Heating 
System: 

At the time of the heating plant replace- 
ment, a re-evaliiation of the design heat loss and hot water reqiiire- 
ments should be made. New eqiiipment should closely match the 
re-evaluated criteria and not be -sized to duplicate the old equip- 
ment, which may have been or have become mis-sized. Multiple 
heating plant design should be considered. Use design considerations 
from design of new building criteria. 
2. R ecommendations ; 
a. Short Range 

(1) Use Judgment in selecting outdoor design 
temperatures. For winter, consider building heat storage capacity, 
insulation, percent glass, occupied hours, daily temperature range, 
auxiliary sources of heat, etc. Massive institutional buildings 
with little glass should be designed from the current ASHRAE'^ tables 
for 971:^ occurrence. 

(2) Size heating equipment so that gross output 
does not exceed approximately 125^ of the net heating load. 

(3) When the net heating load exceeds 1,000,000 
Btu per hour, use multiple boiler approacli. 

(k) Design central heating systems to take max- 
imum advantage of internal heat loads and thermal lag. 

(5) Use as many heating zones as economically 

-^"V/eather Data and Design Conditions", ASHRAE Handbook of Fundamentals , 
1967. 
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feasible. Where possible, use individual unit controls. 

(6) Design systems for efficient maintenance 

and operation. 

(7) Additional Design Considerations: 
Eliminate standing gas pilots, utilize 

heat recovery for systems with large makeup air requirements, use 
separate domestic hot water heating equipment for summer iise, de- 
velop an effective system to recover flue gas energy and study in- 
door design temperature requirements in more detail when determining 
design conditions. 

(8) Install local (individual area) controls 
in lieu of large zone using currently available local control 
devices on individual radiation. 

b. Middle Range 

Institute the development of a low cost, simple 
control device which can be installed inexpensively on each piece 
of radiation. 

c. Long Range 
None. 
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ENERGY EFFICIENCY IN ELECTRIC SPACE HEATING 

1. Discussion ; 

a. In New York State the major uses of electricity 
for space heating occur in high-rise multiple dwelling buildings, 
for reheat systems in office buildings, for unattended vacation 
houses, and for temporary heat on construction sites. If electric 
resistance heating is used, a very efficient type of electric heat- 
system from an energy conseirvation point of view, is baseboard 
electric resistance heating with each element containing its ovm 
thermostat. It reacts almost instantaneously to internal heat 
gains and outside influences such as solar radiation. Many fan 
coil and incremental air conditioning units utilize electric 
resistance heating elements. Alio, central station type of air 
handling units have electric ^resistance heaters or hydronic coils 
with separate electric boilers. Electricity caji also be used for 
heating through use of heat pun5}S» While conversion of primary 
energy to heat is higjier through use of heat pumps, efficiency of 
utilization and control will be comparable to any other system with 
heat generated at a central point. 

b. There are unresolved questions about the overall 
energy efficiency of electric heating, primarily based on the loss 
of efficiency in using fossil fuel to generate electricity which 

is further reduced by transformer and transmission losses. One 
point of view holds that with fossil fuel responsible for 95^ of 
power generation, and with 100^ efficiency at the resistance heating 
element, less than 30^ of the original energy is recaptured at the 
point of use. With average boiler efficiencies and reasonable 
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thermostat and time controls, directly used fossil fuel can deliver 
60% to 75% of the potential energy as heat, thereby saving half the 
fuel required in electric heating. Those who favor electric heating 
cite the responsiveness of the controls and the efficiency of de- 
livery as being able to more than offset that 70% built-in inefficiency 
of electric generation and transmission. Those Wi:o oppose electric 
heating also cite the increased energy use at other times due to 
the promotional rates for electricity in "all-electric" installations. 
Those who favor it, also describe its electric load balancing 
characteristics. Those who oppose it cite the higher insulation 
standards required for it, noting that similar insulation would also 
save fossil fuel, if used directly. Also, they note that diverting 
of oil to electric generators to satisfy rapidly increasing winter 
peaks can jeopardize the oil supply required for space heating in- 
stallations solely dependent on it. More study is required in this 
area to determine . the relative energy effectiveness of fossil fuel 
and electric heating. 

c. This report does not attempt to resolve the 
question definitively. An energy study comparing primary fuel 
usage (that is, fuel necegs9.ry to generate the electricity used for 
heating versus fuel necessary to heat directly) should be made before 
selecting the energy source for heating for any particular project. 
2. Recommendations ; 

a. Short Range ; 

(l) Establish a professionally qualified in- 
dependent investigating group at the national level, with no 
commitment, pro or con, to establish the effectiveness of energy 
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use in electric heating. 

(2) If electric heating is used, use the 
baseboard type with each piece of baseboard containing its own 
thermostat, resistant type electric heaters in fan-coil units or 
resistant type electric heaters in central type heating, ventilating 
and air conditioning air handling units, depending on type of 
heating, cooling and air conditioning. 

(3) Electric reheat should not be utilized. 
Variable air volume or heat recovery systems should be considered 
in lieu of electric reheat. 

{h) Electric heat pumps should be considered 
in the context of a complete system. (The efficiency of a heat 
p\imp is greater than the efficiency of straight electric resistance 
heating) . 

b. Middle Range : 

(1) Evaluate results of the study on the ef- 
fectiveness of energy use in electric heating and publicize any 
valid recommendations. 

c. Long Range ; 
None , 
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D. DESIGN OF COOLING SYSTEMS FOR ENERGY EFFICIENCY 

1. Discussion ; 

a. Since cooling systems are responsible for the 
most critical peak of electric usage, any energy savings in this 
area have the effect not only of saving non-renewable primeiry f\xel 
vlth its attendant reduction in pollution, but also reduces the 
urgency for increasing generation capacity and tramsmission lines. 

b. The usual practice is to desigr heating and 
cooling systems based on the outdoor conditions which are not 
exceeded more than 2^o of the time. Systems can be designed for 
the 5^ condition, except for facilities for tho elderly, industrial 
process or health care cureas. The few hours a year when spaces 
are vrarmer or cooler (less than 30 hours a year) than our present 
"standards'* seem a small price to pay for a more energy efficient 
system.^ 

c. Computers should be used in calculating heating 
and cooling loads on an hourly basis, for sizing ducts, piping and 
equipment. If equipment is over-sized due to excessive manual or 
improper computer load calcvilations, there will be excessive first 
costs and inefficiency, especially at part-load conditions. Com- 
puters should be utilized to determine the optimum orientation of 
the building and the relative energy usage of alternative systems 
and construction materials. Safety factors should be used with a 
great deal of judgment. Heat storage in the building should be 
considered. 

^Fred S. Dubin, "Energy Conservation Throu^ Building Design and 
A Wiser Use of Electricity". 
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Use energy conservation and heat recovery sys- 



tems. Select more efficient equipment. There are many energy 
conservation systems vhich are equally effective, regardless of 
the source of energy. Since all-electric H.V.A.C. systems consume 
more primary energy fuel for a given task thm on-site fossil fuel 
systems, the potential savings in energy by using energy conservation 
and heat recovery is much greater when used with electrical systems. 



75, consideration should be given to "heat -of- light" systems ♦ All 
air "heat -of- light" systems reduce the amount of sensible heat 
entering the space and reduce the amount of air which must circulate 
in the air conditioning system, thereby reducing fan horse-power 
and energy consumption. The wet "troffer" type "heat-of- light" 
system saves even a greater amount of energy as well as some capital 
costs of the air conditioning system, since it results in a smaller 
refrigeration plant, as well as smaller air handling units and ducts. 
Both systems reduce the quantity of sheet metal in the ducts. ^ 



fan systems should also be avoided where possible. In place of 
large central fan systems, chilled and hot water can be pumped to 
decentralized, smaller, low-pressure air handling \inits, each to 
serve a specific axes, in the building. Space must be provided for 
the air handling units, but the piping systems occupy less space 
than large duct systems; in some cases, the elimination of the large 
a^ict system permits lower ceiling heights and considerable savings 
in buildinf^ volume - hence less energy consumption for the same 



e. 



Wherever illumination footcandle levels exceeds 



f. 



Large high pressure, high horse-power, central 



Ibid 
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useable biiilding ar^^. 

r.* Ebcamine the buildinc proRrajn to eliminate un- 
necessary exhaust hoods. Exhaust hoods are often operated con- 
tinuously without performing a continuous function functions which 
could be divided into a smaller number of hoods. There are hoods 
available in vhich outdoor air may be introduced directly, thus 
avoiding the necessity of heating and cooling large amounts of 
make-up adr. 

h. Large sensible and latent heat gains may be 
reduced by providing hoods at equipment and exhausting excess heat 
and moisture from the hoods directly to the outside instead of in- 
stalling cooling capacity to handle these loads. 

i. Spot cooling may be used, especially in buildings 
with small occupancy at specialized tasks, without air conditioning 
the entire space. Many laundries have evaporative spot cooling in- 
stallations. 

j. Air-cooled refrigeration systems use more energy 
than water cooled systems. For each project, a study should be raad.e 
to determine energy consumption of air-cooled versus water-cooled 
condensing system. 

k. Over-sized heating and cooling equipment use 
excessive energy at part loads. Equipment should be selected on 
a modular basis, so that smaller pieces of equipment, including 
boilers > compressors, cooling towers, pumps and fans are operating 
near their peak capacities (i.e. best efficiency) to use the least 
amount of energy. 

^Ibid 
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1. Large central heatixig and air conditioning 
systems generally use 10J& to 1% less energy than smaller decentral- 
ized packaged systems. However, proper controls must be installed 
so that the seune flexibility of operation can be obtained with the 
central system as with individual systems. Large central systems 
do permit the incorporation of energy conseinration devices to a 

k 

greater extent than is possible with many smaller remote systems. 

m. Throti^ -the -wall, window, fitnd packaged air con- 
ditioners should be specified on a Btuh per watt basis, since there 
is a wide range of energy efficiencies over the entire cooling range 
For example, the range is about 20% in the 8,000 Btuh models and 
about 50^ in the 10,000 Btuh models. The minimiim acceptable ef- 
ficiency should be specified for other equipment such as motors, 
laundry equipment, air haaidling units, elevators, water heaters, etc 

n. Reduce ventilation at extreme high and low outdoor 

temperatures. 

o. Use the economy cycle where possible so that cool 
outside air is used, rather than mechanically coaling air. 

p. IVovide maximum selectivity in controls that will 
eliminate cooling and ventilation of unoccupied areas, adjust to 
different occupancy requirements and allow different settings for 
non-occupied areas. 

q. Research and Development Needed: 

(l) Absorption water chillers presently use 

'^ibid 

^"A Study of Room Air Conditioners", N.Y. State Department of Public 
Serrice, Sept, 21, 1972. 
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about double the amount of energy that electric drive chillers use. 
Further development is indicated to reduce energy usage . 

(2) The relationship of temperature and himiidity 
on human occupants of spaces is covered broadly in the literature. 
More research is needed by ASHRAE. 
2. Recommendations ; 
a. Short Range : 

(1) Use outdoor design conditions based on 
conditions which are not exceeded more than 3% of the time for 
most applications. 

(2) Refine design calculations (including use 
of computers) to avoid over-sizing equipment. 

(3) Consider use of heat-of- light systems where 
light levels exceed 75 footcandles. 

{k) Generally avoid use of high pressure, 
high horse-power, central fan systems, 

(5) Use direct outside air supply to fume and 
e^dfiaust hoods where possible. 

(6) Provide hoods at equipment and exhaust heat 
and moisture directly to outdoors. 

(7) Use area or spot cooling for special 

purpose areas. 

(8) Study energy consumption of air-cooled 
versus water-cooled condensers before selection of equipment. 

(9) Design equipment on a modular basis. 

(10) When using large central systems, provide 
proper controls to maintain flexibility of operation. 
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(11) Specify pMkaged equipment on a Btuh/watt 
basis for more efficiency. 

b. Middle Range ; 

(1) Develop more efficient absorption water 

chillers . 

(2) More research by ASHRAE is needed on the 
relationship of temperat\ire , humidity and air motion on human oc- 
cupancy. 

c. Long Range ; 
None . 
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E. DESIGN OF VENTILATING SYSTEMS FOR ENERGY EFFICIENCY 

1. Discussion 

a. Reviefw of existing standards of ventilation vhich 

are normally utilized in design of biiildings has indicated a lack 
1 2 

of uniformity. ' '"^ Api)arently, there are no uniform standards which 
are acceptable to aJl. The criteria established has no definite 
basis as to their origin or as to how each was determined. Un- 
doubtedly, there are psychological, phsyiological, as well as other 
medical requirements which must be recognized and complied with in 
establishing ventilation standards. Since ventilation plays an im- 
portant role in both the heating and cooling loads for all types of 
buildings, if a more specific determination of requirements can be 
made which will permit reduced ventilation criteria, substan- 
tial energy would be conserved . In order to implement measures 
to reduce the amount of ventilation air, various regulatory agencies 
must be willing to accept reduced standards, and agree on a single 
\iniform code. As a first step, the minimum standard in the various 
conflicting codes should be accepted as satisfactory. Ultimately, 
the whole question of ventilation standards should be reinvestigated, 
with consideration given to the introduction of various filters for 
odor control, the problem of introducing outside air that is often 
of worse qtiallty than the air within the b\illding, the effect of 

•'•"Light, Heat, Ventilating and Noise Control", Article 12, N.Y.C. 
Building Code . 

^"Minimum Ventilation Standards", H.Y.S. Building Construction Code 
o 

"Systems Guide", Chapter 19; "Fundamentals Guide", Chapter 7, 
A.S.H.R.A.E. 
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infiltration, the stack effect of buildings and all other factors 
that influence the functioning of ventilation systems. 

b. The ventilation reqiiired in most commercial and 
public biiildiiigs varies with the time of day and the level of btiild- 
ing occupancy. It is only partially predictable. The rate of 
ventilation to satisfy odor reqiiirements changes in a ratio of about 
8 to 1 depending on whether the occupants are heavy smokers or non- 
smokers. Normal occupancy of an office building may occur for only 
about 10 hours per day and the use of toilets and cafeterias, where 
high levels of exhaust are needed, occupies a correspondingly smaller 
fraction of the day. Toilets and kitchens, however, are often 
exhausted continuously, and up to six air changes of ventilation 
are sometimes used in hallways and public Gpaces regardless of 
occupanjEiy. The need for zoning in ventilation and the effectiveness 
of zoning techniques should therefore be investigated with respect 
to energy conservation. Sufficient zones of tenrperature control 
should likewise be provided so that areas are neither overheated 
nor overcooled. HVAC systems designed for a high rate o-^ ventilation 
with outdoor sdr during mild weather where air pollution is not an 
inhibiting factor, consumes appreciably less energy than systems 
which use treated air indiscriminately. A much lower level of 
outdoor air can be used during heating and cooling seasons to par- 
tially check rising energy costs required to precondition the in- 
coming air. Furthermore, a sealed building which can make no use 
whatsoever of natural ventilation should be re-examined. 
2. Recommendations ; 

"e=mc'^, Government Report of July, 1972. 
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a. Short Rang e: 

(1) Replace standard filters with carbon or 
charcoal units, vith necessary prefilters to vitiate return air and 
to filter outside air. 

(2) Change minimum fresh air damper openings 
to admit one-half the quantity presently programmed, and reeval\iate 
its effect on the occupants and tha building heating and cooling 
system performance, in experimental rehabilitation design progi'am. 
Verify safety reqxiirements (as in garages.) 

(3) Utilize chemicals or chemically activated 
deodorizers in all toilet rooms and locker rooms to reduce the need 
for excessive ventilation. 

(k) Educate operating personnel as to normal 
and proper operating procedures ajid expected performance of systems. 

(5) Buildings with high ventilation requirements 
in certain areas, should be investigated for ways to introduce this 
ventilation air directly into the areas of high use, 

(6) Zone ventilating systems so that spaces 
not requiring ventilation may be turned off easily. 

(7) Utilize newly developed equipment such as 
filter monitoring devices to indicate system performance and to 
shut down ventilation systems and energize alarm when overloads 
occur. 

(8) In building requiring extensive ventilation, 
isolate all such devices and/or systems requiring same and inves- 
tigate the use of untreated ventilation air introduced directly to 
the area where it is to be utilized. Provide central controls 
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and/or clock-activated switches with manual override to tiim off ven- 
tilating equipment (and other selected electrical eq^iipment and 
lighting) that may have been inadvertently left on when the b\iilding 
is not in use. 

b. Middle Range ; 

(l) The most significant changes to piirsue * 
would involve the various governmental and municipal agencies to 
jointly modify their existing codes and to reach agreement on 
ventilation standards. 

c. Long Range : 
None. 
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P. LIGHTING ENERGY CONSERVATION IN LARGE BUILDIHGS 

1. Disc\isslon: 

a. In 1970, the electric utilities in this country 
consumed energy at the rate of 8,15^,000 barrels of oil equivalent 
daily. By 1985, without the implementation of a major conservation 
program, their consumption is predicted to increase nearly threefold, 
to 23,580,000 barrels of oil eqxiivalent daily. In 1970, approximately 
25fo of the total output of the electric utilities or 2,038,500 
barrels of oil equivalent daily was consumed for lighting purposes . 

If the lighting load retains its relative position as a consumer of 
electrical energy, by 1985, it will require 5,895,000 barrels of 
oil equivalent daily to satisfy its demand. This is slightly less 
than lOfo of the nation's predicted total energy consximption rate 
of all uses in 1985. The significance of the lighting load in the 
national energy pictiore is obvious. The lifting load therefore, 
should be a prime target for the energy conservation program. 

b. In January, 1973, the Illuminating Engineering 
Society, (lES), recognizing its responsibility to the public, 
prepared a report on the better utilization of energy used for 
lighting, all without reducing the quality of lighting design. 
Highlights of this report are as follows: 

(1) Design lighting for expected activity. 
(Light for seeing tasks, with less light in surrounding non-working 
areas • ) 



I.E.S. Report to Ad Hoc Committee on Design, January 2k ^ 1973- 
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(a) The lES recommends values of il- 
lumination for visual tasks or a group of tasks in an area. In 

the introduction to the master table of illumination recommendations 

p 

in the lES Lighting Handbook , the following statement is made: 
''While for convenience of use this table sometimes lists locations 
rather than tasks, the recommended footcandle values have been 
arrived at for specific visual tasks." Also, "Supplementary 
luminaires may be used in combination with general lighting to 
achieve these levels. The general lighting should be not less than 
20 footcandles and should contribute at least one-tenth the total 
illumination level." 

(b) Where task positions axe fixed ajid 
known the lighting shoixlji be designed accordingly. However, see- 
ing task locations are not always known so that it often becomes 
necessary to install task lighting at all probable task locations 
using a general overall lighting system. 

(c) Where task lighting is provided, 
recommendations concerning luminance (brightness) ratios should be 
considered in determining levels for non-task area lighting. 

(2) Design with more effective lighting 
fixtures, windows and skylights. 

(a) Lighting fixture, window and sky- 
light lighting effectiveness depends on how well the light provided 
enhances the visibility by reducing veiling reflections (reflections 
which will partially hide the details of a task and lower the task 

"Levels of Illumination Currently Recommended", IBS Lifting 
Handbook , 5th Edition, 1972, Jig. 9-80, pp 9-8l. 
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contrast) and disability rX^re (linht scattered in the eyes pro- 
ducing a haze to look through- -such as experienced vdth oncoming 
headlights at night). 

(b) It has been found, for example, that 
polarized light and lighting from the side by luminaires of specific 
design can enh^^-nce task visibility by reducing vtlling reflections* 
Conversely, a heavy concentration of light from overhead and forward 
of the task can produce a hi^ degree of veiling reflections. 

(c) Well shielded (low brightness) l\im- 
inaires can eliminate disability glare, whereas bright, unshielded 
windows near the line of sight can produce significant disability 
glare • 

(d) Lighting fixt\rres that consume equal 
wattage and provide equal illumination levels may not provide equal 
visibility of seeing tasks. Two lES reports have been published 
covering the evaluation of the visual effectiveness of lighting 
systems.^ A computer progreun is available with others under 
development, to simplify the evaluation process. 

(3) Use efficient light sources (higher lumen/ 

watt output). 

(a) For incandescent lamps, hi^er wattage 

lamps are more efficient. 

UO-watt general service produces about 11 lumens/watt Input. 

■^"A Method of Evaluating the Visual Effectiveness of Lighting 
Systems", RQQ Report No. U, Illumin a ting Engineering , Vol. 65, 
August, 1970, p.50U. 

^"The Predetermination of Contrast Rendition Factors For the 
Calculation of Equivalent Sphere Ill\imlnatlon", RQft Report No. 5, 
Journal of the IES ,,Vol. 2, January, 1973, p.lU9. 
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1000-watt general service produces about 22 lumens/watt input. 
Therefore, in design consider use of fewer and higher wattaf5e lamps. 

(b) For fluorescent lamps, longer length 

lamps are more efficient. 

Two 2l4^-inch cool white lamps produce 50 lumens /watt. 

Two U8-inch cool white lamps produce 70 lumens/watt. 

Two 96-inch (800 mk) cool white lamps produce 73 lumens/watt 

Therefore J, in design, consider use of longer length lamps. 

(c) For HID lamps (high pressure sodium 
and metal halide) higher wattage Isunps are more efficient. 
UOO-watt phosphor coated mercury produces about 50 lumens/watt. 
1000-watt phosphor coated mercury produces about 55 lumens /watt. 
IfOO-watt metal halide produces about 75 lumens/watt. 

1000-watt metal halide produces about 85 lumens/watt. 
UOO-watt higji pressure sodium produces about 100 lumens/watt. 

(d) For overall design, consideration 
should be given to the use of more efficient sources such as 
fluorescent and HID. 

(k) Use more efficient light fixtures. More 
efficient lujninaires produce a greater amoiint of light on the 
task with less wattage. For example, as shown in the chart 
below-^, in a given room, incandescent indirect light fixtxires may re- 
quire a load of 11 watts per square foot of floor area to produce 
a 50 footcandle level, but direct fluorescent tro-^fers may only 
require a load of about 2,5 wattr» per square foot. 

^ lES Lighting Handbook , 5th Edition,; 1972, pp 16-19* 
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Chart: Comparison of Lighting Plxtures 

(5) Use thermal controlled lifting fixtures. By 
using fixtures with air or water heat transfer capabilities, heat 
from fixtures can be eadiausted before entering €tn occupied space 
in warm weather or conversely, the heat can be utilized in the oc- 
cupied space in cold weather. * By integrating the lighting and air 
conditioning systems, less room heating and cooling load should be 
required. The lES report, "Lighting and Air Conditioning", covers 
the theory and application of heat transfer lighting equipment. 



Prepared by the Committee on Lighting and Air Conditioning of 
the lES, Illuminating Engineering, March, 1966. (Currently under 
revision. ) 
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(6) Provide flexibility in the control of 
lighting. Use separate and .convenient switching or dimming de- 
vices for areas that have different use pattv^rns, Rioto-electric 
control of the electric lighting should be considered \diere adeqaate 
daylight ing is possible. 

(7) Select lighting fixtures vhich can be 
cleaned easily and lamps with good lumen maintenance. Select 
lighting servicing plan to minimize light loss during operation ^ 
and thus reduce the number of lighting fixtures required. 

2. Recommendations ; 

a. Short Range ; 

(1) Design lighting for expected activity. 

(2) Design with more effective lighting fixtures, 
windows and skylights. 

(3) Use efficient light 3ources (higher Ivmen/ 

wa,tt output), 

(U) Use more efficient lighting fixtures. 

(5) Use thermal controlled lighting fixtures. 

(6) Provide flexibility in the control lighting. 

(7) Select lighting fixtures with good clean- 
ing capcibility and lamps with good lumen mainteneuice. 

b. Middle Range ; 

(1) Refine light level criteria to include 
maximum, as well as ^^Inimum standards. ^ 

(2) Develop more efficient li^t producing 
sources at all intensities. 
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c. Long Range: 
None. 
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G. EFFECT OF INSULATION ON ENERGY UTILIZATION 

1. Dlseuaslon t 

a. VbIIb fluid roofs form the envelope of buildings 
and protect the interior from the elements. Through the vails and 
roofs there is a constant transfer of energy resulting from temper- 
ature differentials between the Interior of the structure and the 
outside ambient conditions. The rate of energy transfer through 
the walls and roofs is a function of the material components and 
the difference In tenxperature. 

b. In all cases the measure of the wall or roof 
units capability to tranitfer energy is measured by Its overall 
coefficient of heat transmission or "U" value. 

c. Heat transfer throu^ the exterior envelope, in 
addition to the energy transfer which teLkes place through the wall 
section includes the energy transfer through the windows (glass) 
and through Infiltration or exflltratlon of air through cracks or 
window fraunlng. 

d. To reduce the energy transfer throtigh the en- 
velope of the building, the "U*' value of the walls, roof, and 
windows must be as low as can feasibly be attained. The intro- 
duction of insulating material has the effect of decreasing the 
"U" value of the wall or roof. 

e. In the case of glass, reduction of energy trans 
fer has been accotnpllshed by using double or triple glazing, addition 
of storm windows or by the use of therroopane type glass. Since 
glass, even double glazlcg, has a hl^er *'U*' factor than most solid 
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walls, the reduction of glass areas will generally result in lower- 
ing of overall "ir* factors. This decision must be made Vith con- 
sideration of the trade-off factors - psychological, natural light 
gain, building appearance, solar heat gain in winter, cost, etc., - 
weighing the advantages of glazed areas that ore given up the 
reduced thermal transfer. 

f . In general, temperature requirements in spaces 
are governed by codes. Minimum insulation standards or heat 
transfer performance stamdards ("U" factors) fdr walls cuid roofs 
are generally governed by requirements o^ sponsoring agencies and 
lending agencies. Computational methods established by the American 
Society of Heating, Refrigerating and Air Conditioning Engineers, 
(ASHRAE) are generally accepted. Determination of what materials 

or assemblies to use to satisfy both of these requirements is gen- 
ereaiy within the discretion of the designer. 

g. Adding insulation can reduce heat transfer in 
walls and roofs to the point where an insulated space may require 
only one quarter to one half th* heat Input that the same space 
would require if It were uninsulated as indicated in the following 

• 

comparisons : 



Type of/' "U" Value "U" Value 

ConstrUigtlon (No Insulation) (With Insulation) 

Frame Construction 0.23 0.07 

Solid Masonry (Ub) 0.29 0.13 

SoUd Masonry (Ud) 0.16 0.13 

Cavity Wall (Ue) 0.21 0.07 

Jfcisonry Roof 0.22 0.11 

■Vood Flat Roof 0.17 O.OU 

Metal Roof O.UO 0.15 



TABLE No/l; CCMPARISON OF WALLS AUD ROOFS WITH AND WITHOUT INSULATION.^ 
\nnex Al 
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The amounts of energy savings possible were checked against a 
hypothetical 100 foot by 200 foot masonry walled biiilding 
with and without insulation and double gleizing. A k^ percent 
saving was indicated, almost a third of which was attained through 
the double glazing. Since increased insulation reduces fuel con- 
sumption with the attendant reduction in health-endangering air 
pollutants, hydro -carbons, etc., there may well be a legal basis 
to set insulation (or "U" fewtor) requirements by code to protect 
public hea3.th. A goal of 50 percent reduction in haat loss by 
conduction is practical. 

h. Three inches of insulation on a previously un- 
insulfeited building may reduce the heat loss of the insulated s\ir- 
faces by 80 percent at normal design temperatirpes. Thicker, more 
massive wails and roofs not only itnprove the ins\ilation value, but 
reduce noise transmission as well. The workmanship attained in 
the construction of buildings and the appropriate use of sealants, 
gaskets, weatherstripping and good joint design significantly affects 
the overall leakage and the resultant heating and cooling requirements. 
Cavity walls can be insulated and basement slabs should be considered 
for insulation. If hung ceilings are required under the roof, 

insulation at this point may significantly decrease thermal trans - 

2 

mlssiou at nominal cost. 

1. The actual savings of insulating a building 
properly to conserve energy should be calculated by a^ost/benefit 
ratio analysis explained ii Part E of this appendix. 
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j» See detailed report in Annex Al, titled - 
"Outside Walls, Roofs and Insiaation Considerations", Nov, 8, 1972. 
2* Recommendations t 
a. Short Range : 

(1) Require atorm windows or double glazed sash, 
cn new and existing buildings. 

(2) Require insoilation in walls and roofs of 
new buildings and where practical in existing buildings. 

(3) The abovet Insulation should be specified 
using insulating materials based on a goal of a ^0 percent reduction 
in the building heat loss by conduction. 



voluntary basis for a limited period of time, say five years, then 
be mandatory. 



stitute program of tax relief for compliance with increased in^ 
sulation standards. It should be noted that the effect of tax 
incentives will be very minor in regard to the overall tax base 
and woTild be in force for only a relatively short period of time. 
Precedence currently exists for similar business tax credits under 
the New York State Commerce Department's Job Incentive 'Program. 



values for walls, roofs, floors 6tnd windows « It is recommended 
that a single natioxial agency, such as the Building Research 
Institute of the National Bureau of Standards undertake this effort. 
The State should participate in it, rather than duplicate it. 



ik) That the above recommendations be on a 



(5) If economic stxidies are favorable, in* 



b. 



Middle Range ; 

(l) Originate a study to develop minimum "U*' 
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c. Lor^^ Raiyge : 

(l) Pbllowing r^ompletion. New York State should 
utilize the results of the above study and require the use of these 
minimum "IT' values in new construction thro\igh Ifigislative or other 
action, as required. 
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E. HBWCrroil OF HPg LOlgBS AMD HBMP OAIW AT BDILDnW 
IWBMICES AID WBSm 

1. Dl»cwlon 

■Mt loftM and h«ftt i^iuM at building entxmncot 
an caused «alnly by air IntUtratioa. Omdaetioa la of aiaor 
conaidaratioB* Xnflltxatlon la dua to vlnd fbreaa and tinratura 
dlfTaranee fbreaa. Thaaa fbreaa aira fraatly lafluanead bj aotranca 
tzaffle rata 9 height of building ^ type of ddora, TaatlbulaiPj) air 
balance of aivply and aidiauat ayatcaa, tlghtneaa of the building 
entralope^ orientation of the entzancea, ahleldlng ttcm vlnd by 
adjacent atrueturea» etc. Many of theae Aictora are beyond the 
dealgner'a control^ but ahoulu be conaldered If feaalbke. In* 
trance Infiltration aay be reduced by one or i& eosblaatlon of 
the ftoHonlng Mthoda: 

a. Reduce the preaaure differential acroaa the 
entrance by aeallng or tightening other parte of the building 
envelope. There ahould be no inflltxatlon acroaa entraacea In 
bulldlnga no flatter hov taU thmy are» ao long aa their envelopea 
are 100 percent tight. Apparently, ttoat of the conventional 
bulldlnga az« not 100 percent tight and have a natund draft 
factor of 0.7* The natural draft flactor la the ratio of the actual 
to the theoretical draft available. It uaa alao obaerved that a 
preaiaably tl^er-than-average building has a loirer draft fhctor. 
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The building tested^ vftt of metal c\irtain«wall construction and 
had windows which were tightly sealed by inflated gaskets. The 
lower natural draft flactor was probably due to the tightly sealed 
windows rather than to the curtain-wall construction.^ Unfor-^ 
tunately, data are not ccBQ>Iete enough to pemlt quantitative 
correlation. Also, the criteria for tightness of the building 
envelope have not been established. The envelope of a building 
must be as tight as possible if a reduction in infiltration is to 
be achieved. 

Against this, if the natural exfiltration of the 
btillding is considered part of its ventilation characteristics, 
there nay be a siB3>lifioation of the ventilation requiresients 
described in section E of this appendix, without requiring an 
upgrading of performance of the building skin. Just as a perfor** 
ated ceiling below a plenw can av^ly distributed air into a 
space, so a building skin that allows a predictable amount of air 
to pass through it to the exterior can be considered to contribute 
to the air change requirenent for that building. 

b. Reduce vertical airflow by sealing shafts, 
openings between floors and isolating and sealing elevator lobbies 
from entrances and other lobbies. The level of the neutral zone 
depends on the vertical distribution and resistances to air floi? 
of openings throu^ which inflow and outflow can occur. If the 

C. Min, *Vlnter Infiltration Through Iwlnging-Door Entrances 
in Multi-Story Buildings'*, A3HRAB Timnsactions , Vbl. 6k, 1958, p. ^1. 

^j. E. Emtwiler and W. C. Randall, "Pressure Differences Across 
Windows in Relation to Wind ?elocity**, A8HRAE Transactions t V^l. 36, 
1930, p. 83. 
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openlngt are unifbx^Qy distributed vertically, the neutral tone 
vin be at the nid-heigbt of tbe enclosure or building. If there 
are no space separations , or if their resistance to flow is saall 
(the usual case)9a building acts as a single chlBnejr. Xf the 
spaces (floors) are isolated cospletely tram one another, each has 
a separated chlaney effect and neutral zone independent of otbsri. 
In aost cases there is som degree of interconnection of spaces, 
and the pressures irithin a space are affected by the action of the 
building as a ':ihole. Thus, the vertical distribution of pressure 
differences across the vails of a building depends t^on the re- 
sistance to floir of horizontal and vertical s^ce separations as 
iiell as the vertical distribution of openings. Thus, if infll- 
txation is to be reduced, particularly at entrances. It is im- 
portant to reduce natural vertical air flow vlthln the building 
to a nlnisriB* 

e. Seal entrances by using the proper type of 
entrance doors which allow traffic but seal flow of air. This 
appears to be practical and effective. Infiltration through a 
revolving door (except a saall portion put tho door seals) is 
aljnost unaffected by the height of the building, the difference 
in pressure between the indoors and outdoors, and fto opeAtion. 
FroBi a typical exuple given in the A8HRAE Guide, ^ the infiltration 
rate through a scflnging door is about 900 cubic feet per person 
for a single bank entrance, and 550 cubic feet per persmi for a 

" ^ASHBMB Handbook of Funilspentsis , Osgter 25, 1967* 
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vestibule type entrance. Uhder Bmm conditions , the infiltmtion 
is about 60 cubic feet per person for a Manually revolving door 
an4 32 cubic feet per person for a wtor driven type. In other 
vordSy the revolving door is essentially a ^ood air lock. The 
infiltzation rate is priaarily the saount of the displaeeMnt of 
air produced by the revolving of the doors. 

Air Curtain entrances aay be used at entxanees irith 
high voltsMS of traffic and lov pressure differential between 
indoors and outdoors. Tvo laportant flaetors Influencing the pres- 
sure differential lihich an air curtain aust work against are the 
height of the structure and IwJ orientation. 

d. Aaong the energy tMtde-offs to be considered 
are saouat of energy to run turn and beat or cool air currents 
against the asount required for the aake-up air to replace air 
lost at entrances irith other types of doors. 

e. Provide the proper balance of siqpply and ex- 
haust air far the building. An increase of supply over e:diaust 
air viU lover the neutral level in aulti-stozy buildings and 
hence lower the pressure differential at the entrances. However 9 
it is not econoaically feasible to use excess ventilation air 
aerely for pressurising tall buildings to elialnate infiltration 
problests . 

f . A recent design innovation was used In a 17 
story building in Utiea, Mw Tork.'^ The return air pressure at 
each floor is regulated by aeans of autoaatlc dsapers at each 

New York State Office Building, Utica, Hew York. 
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floor 9 controlled by individual static pressure regulators re- 
ferenced to ataospheric pressure « Bach floor's return air pressure 
is set at 0.03" to 0.1^^ positive static pressure. The air con- 
ditioning systaa is a hitpi velocity type, utilizing air pressure 
reducing units on each floor. The stack effect is coapletely 
controlled and there is no infiltration.^ 

g. The Mgnitude of energy saving vas cooputed 
for an ^staV^ office building,)l82 fMt high vitl2 700 oecviwits, 
coBparing single bank swinging doors and revolving doora at 
entrances « The revolving doors viU save 670 Million Btu per 
year.^ 

h. T^e design of the entire building affects the 
SBkount of infiltratic. at building entrances. A tight building, 
carefully constructed vith veil planned entrances viU have such 
lower infiltration at building entrances with ttlni»» heat losses 
and heat gains at the entx«nces. The type of HVAC systesi will 
have a great effect of infiltration. 

2. Hecosaendations 
a. Short Bmge : 

(1) Install revolving dooars or entrance 
vestibules to replace single bank doors in new and eidsting 
buildings whldi have infiltration problms at entrances. 

(2) new and eadsting buildings » seal the 
building envelope^ particularly at iqqper l^joors^ so as to obtain 



C. J« Busch of Barber Oolaan Ooavsaay^ ''Applying Static Pressure 
Control in Building Areas and Duet Qystes''^ Air Conditioning and 
Hsating > April, 1961^. 

O Hew Tork State Office Building^ «atertown» Itow York. 
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« tight building 9 if tbtt building is designed a sealed building* 

(3) RsTleir contzmct docusents of buildings 
under construction to insure ttaat the buildings viU be of tl^ 
construction vith prqper entrances • Assure contract docments viU 
proride ainlaw beat lossts and heat gains at entrances* 

{k) Rsriev design of tbe mc systeas for buildings 
under construction to detexmine if changes #ould be beneficial in con- 
trolling infiltration at mxktms^n^B. 

b. K iddle BMge i 

(1) More coordination bstveen architects and 
engineers in the design of entrances, lobbies and building tii^ness 
should be dev^iloped throutfi an educational process* 

(2) The design of RVAC systeas should include 
control of interior static pressure throughout the structure* 

c* Long WMge t 
R6ne. 
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I. EFFECT OF BUILDING MATERIAL SELECTION 
ON ENERGY UTILIZATION 

1. DiscuDslon 

a. It is evident that the building industry, rep- 
resenting ten percent of the Gross National Rrodiiat, is a large 
consumer of energy. In fact, 12 percent of Indus brial use of 
electric power is directly the result of tlie securing, processing 
and installing the materials that make up our buildings. 

b. It is known that certain ma'i;erials use large 
sunounts of energy in their manufactxire, and that there are other 
materials that perform similarly thut use less energy per unit. 
Among those in the first category are aluminum, plastics and syn- 
thetics, principally those from a petro-chemical base. A list 
shotild be developed of interchangeable choices of materials, 
noting energy reqtiirements of each per unit, for distribution to 
the design professions. Use of materials with lower energy require- 
ments to produce and/ install should be promoted. It requires 
approximately six ti^mes as much electric energy to produce a ton 

of aluminum as compared to a ton of steel. In his analysis of a 
highrise building,^ Richard G. Stein, FAIA, indicated tMat its 
skin wovild require 5.75 million pounds of stainless steel which 
takes 0.77 million KWH to produce, compared to only k million 
pounds of aluminum, but which takes 2.1 million KWH to produce. 

^"Spotlight On The Energy Crisis: How Architects Can Help", 
AIA Journal , June, 1972, pp. 18-23. 
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c. Building design components are often structurally 
excessive or unresponsive to the shapes demanded by structviral con- 
siderations. Take steps - conferences, research, test procedures - 
independently and with other groups to improve efficiency of 
material usage. 

d. Energy consumed in the building industry can be 
reduced as follows; 

(1) More efficient structural analysis of 

materials . 

(2) Elimination of redundancies, 

(3) Selection of a material for assembly above 
another witJ similar performance characteristics on the basis of 
compwatlve energy intensities. 

e. A building materials energy conservation research 
organization is required. One of its major functions would be to 
develop a better understanding of how energy is used through build- 
ing products. Different aspects of its work should include assess- 
ment of present products and building methods, development of new 
concepts and materials, education in the use of these new items of 
information (research In control and energy delivery systems are 
discussed under other sections of this report). 

It is reconmended that a single national 
agency, such as Building Research Institute of the National Bureau 
of Standards undertake this effort. The State should participate 
in it, rather than duplicate it. The architectural and technical 
schools can develop curricula and research programs that tie Into 
this organization. 
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f . A program to promote uee of low energy materials 
is necessary. The State, with the aid of the Architectural and 
Engineering Professional Societies, coxild set up regional seminars 
on energy implications of design. Publications describing energy 
requirements of building matericLLs selection should be written and 
distributed to archltectwal and engineering schools across the 
Country. The cost of preparing such a publication should be borne 
by the State and/or the Federal Govemm;mt. 
2. Recommendations ; 

a. Short Rcmge ; 

(1) Develop a list of interchangeable choices 
of materials, noting energy requirements of each per unit for dis- 
tribution to the design professions. 

(2) Hromote use of low energy reqiiirement 
materials and assemblies throiigh the architectural and engineering 
schools. 

(3) Reduce energy consumed in the biiilding 
industry by using the above information and throu^ more efficient 
structural analysis of materials and elimination of redundancies. 

(h) Organize a building materials energy con- 
servation reseeurch organization to study energy use in building con- 
struction. This shovild be done at a national level. 

b. Middle Range ; 

(1) Develop in more detail the listing of 
energy chcuracteristics of building components. Research is under- 
way, both in btilldlng design fields and in other fields. Coordinate 
and tie in these activities. 

Er|c -^-51 
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(2) Publicize the resiats of building materials 
energy conservation reseiirch organisation, 
c . Long Range t 
I^Dne. 
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J. ENERGY EFFICIENCY THROUGH HEAT RECOVERY 

1. Discussion 

a. Electric energy now is generally purchased from 
utility companies for lightin(j and power and in some cases for 
cooking, air conditioning, heating, ventilating and domestic hot 
water heating. When not by electricity, space heating is supplied 
by individual o-.* central boilers or furnaces burning coal, gas or 
oil; cooling (air conditioning) by fossil fuel fired compressors or 
absorption units euid cooking emd domestic hot water heating by 
fossil fuels. Energy used in buildings is either produced in the 
building in the form of electricity, steam or hot water, or it is 
purchased from an outside utility. At present, production of energy 
ca\ises some environmental pollution. Fossil fuel - gas, oil or coal - 
fouls the environment with the products of combustion. Nuclear 
power generation produces some thermal pollution of water, some 
small radioactive emissions and radioactive waste disposal prob- 
lems. Hydraulic power plants flood large acreages above the dams. 
The more energy we \ise, the more ecological problems are compounded. 
Wasted energy, not only adds to the pollution problem, but acceler- 
ates depletion of our available natural resources. The U. S, Office 
of Science and Technology estimates that space heating^ cooling, 
domestic hot water, illumination and power in residential and com- 
mercial buildings consume about 30 percent of the nation's total 
energy and contribute substantially to cdr pollution by emissions 
of sulfur dioxide (SOg) and sulfur trioxide (SO^); nitric oxide (NO) 

and nitrogen dioxide (NOg); carbon monoxide (CO); unbumed hydrocarbons 
(HC); paz*tlc\ilate; asA other fltild and BoUd pollutants. 
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b. Virtually all energy utilizations involve heat 
trcmsfer systems. When thero is an Inefficiency it means that 
potential energy is lost for use, that the energy itself becomes a 
pollutant and that more energy is needed to remove it or offset it. 
Heat recovery systems euid devices are \xsed primarily to increase the 
efficienc7' of energy \ise and, therefore, reduce the amo\ant of input 
energy reqiilred to do necesseiry tasks. These are sometimes lumped 
together as Total Energy Systems. The term is a misnomer. ASHRAE 
describes TotcLL Energy as follows: 

"Total energy is a term designating on-site 
electrical generating systems arranged for the maximum utilization 
of input fuel energy by salvaging by-product or vaste heat from 
the generating process." An excellent report on total energy is 
available . ^ 

c. There are, in addition to total energy systems, 
many other examples of waste heat that can be recovered with signifi- 
cant . savings In energy use. 

(l) All air conditioned systems reject heat 
to the outdoors. In most cases, the refrigeration equipment is 
water cooled with condenser water leaving the condenser at temper- 
atures from 90 degrees F. to I30 degrees F., depending on the type 
of drive and design criteria. This condenser water can easily be 
\ised for preheating domestic hot water by about 30 to hO degrees P. 
and can also be used fbr reheat in summer. If available in winter, 
the condenser water can be used for space heating. In many cases. 
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25 percent or more of the heat required for domestic hot water can 
be reclaimed from an air conditioning system. 

(2) In biilldings iising 8te6un, domestic hot 
vater ccui be preheated by the steam condensate and the eunount of 
heat recovered cotOd be as much as 100 percent, depending on the 
amount and temperature of the condensate. 

(3) So called Total Energy Systems reclaim 
some of the heat lost by fossil fuel in generating steam used for 
turbo generators, or utilizing hot exhaust from gas turbines for 
useful purposes. A Total Energy System bums its fuel first in its 
engines. About 30 percent of the fuel's heat energy is converted 
to mechanical power. Then, instead of throwing the other 70 per- 
cent into the air, this "waste heat" is reclaimed for other purposes. 
This is possible if the generator is near the secondary user of heat. 
It is not practical to transport steam ard hot water over long dis- 
tances of many miles. To save a substantial part of this 70 percent 
of "waste heat", the engines mast be reasonably adjacent to the 
place where heat is required. Moreover, the use for the heat must 
be reasonably constant so that the waste heat ceui be redirected as 

it becomes available. Load profiles should be analyzed on an hourly 
basis. 

(if) There are cases where a utility plant, 
located in the heart of a big city, supplies not only electricity 
but also steam, hot water., ai;d chilled water (cooled in absorption 
chillers) to an area of the inner city adjacent to the plant. This 
is Total Energy on a large scale. Itost large utility company plants 
have no such energy-uKlng neighbors. Their "waste heat" is rejected 

er|c ^'^^ 
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into the air or into the water. The locating of large generators, 
particularly nuclear generators, near population concentrations has 
many practical difficulties that work againat the Total Energy con- 
cept; however, this locating should be strongly considered. Wliere 
decentralized power plants can supply the base electrical load 
through waste heat recovery systems, they can supply a major por- 
tion of the energy for large buildings* Even though such generators 
may be less efficient than large centralized ones, they can save up 
to half the fossil fuel \ised in conventional systems. Several un- 
related factors, including an increasir^gly greater tise of air- 
conditioning and an increased number of large scale puhlic-owned 
and bwner-built housing, remove some of the major constraints which 
have mitigated agcdnst the broad application of Total Energy systems. 
There is a need for a screening manual which readily indicates the 
relative economic feasibility of Total Energy systems. Total Energy 
systems that can supply the base electric power and lighting load, 
can also supply all or a portion of the other energy requirements, 
in the form of heat for space heating, cooling and domestic hot 
water heating at little additional cost or expenditure of energy. 

(5) Where incineration of refuse and waste 
takes place, either at a building complex or a central plant, the 
resulting heat caja be recovered and reused. An example is the in- 
cinerator under construction in Nashville, Tenn., lirtiich will power 

a water -chilling and heating system for its downtown \irban renewal 
2 

area. 



"^Beverly Briley, Mayor, Nashville, Tenn. "We Ittll Air Condition 
and Heat With Garhage", The American City Magazine, November, 1972. 
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(6) The heat of heated air that Is exhausted 
for ventilating pxirposes can be recaptured by thermal wheels or other 
heat transfer devices • 

(7) Heat given off by lights can be used for 
space heating or other useful purposes • 

(8) The heat given off by refrigerating plants - 
not only air cooling plants, but refrigeration plants as veil, - can 
be reclaimed. (One supermarket chain has announced that most of 

its heating can be taken care of by heat released by cooling the 
various freezers). 

d. Three warnings are necessary in regard to energy 
savings through heat recovery: 

(1) The recovered heat that can be used for 
space heating in winter, requires additional cooling in summer* 
For example, in general, the amount of heat necessary to cool the 
heat of li^ts in summer is greater than the energy saving in heat- 
ing in winter. 

(2) Even minimal use of recovered energy that 
would otherwise be wasted will inrprove overall system efficiency- 

(3) For maximum benefit fxom heat recovery, 
xhe secondary demand must always be ready to use up the otherwise 
visted energy produced by the first use. 

2. Recommendations ; 
a. Short Range : 

(1) Recognize that there is energy available 
within buildings which can be recovered and reused, thereby reducing 
primary energy requirements. 
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(2) Use heat recovery principles in designing 
heating^ ventilating eufid air conditioning systems. 

(3) Investigate the use of heat pumps in 

buildings . 

(k) Investigate scale suitability for using 
total enerjy systems. 

b. Middle Rarij ^e: 

(1) Develop new equipment that uses original 
fuel more efficiently. 

(2) Develop more components vith biiilt in 
devices to recover heat. 

(3) Conduct research to reduce the scale for 
efficient "total energy" production, including packaged iinlts. 

c. Long Range : 
None. 
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K. OOSft/VBXSra WtlO imLTSIS IW aiERGFy OOWSBlWAtPHI 

1. DlfcuMlon: 

a. Design decisions have In the past bean heavily 
influenced by their iapact on the construction or first cost of 
the building. Maintenance i«as considered aaostly in tenos of re- 
pairing and replacing building ccaiponents due to the attrition of 
^ time and use. Today, because of the greater dewands, reduced 
stqpplieSy and increased costs of mamrgy sources , energy use has 
an isportant effect on the overall or life cycle eeonoaiics of a 
building. If the cost of a building is considered to be its com- 
plete cost through its irhole life it becosies apparent that there 
are iioporbant economic gains if the building incoxporates less 
energy requirements in its design. For convenience of cosiputatlon 
ve can use 50 years as a bullding*s life, a span recognized by 
many mortgages , even though building life often exceeds 50 years. 
Most universities have major buildings over 50 years old. The 
Woolnorth building is 60 years old. The Ch^\er building is 
hS soad some buildings in Rockefeller Center are already k2 years 
old. 

Our traditional method of economic decisions 
obscures this relationship. In goverment, and inxny areas of 
the private sector, capital and operating budgets are nomally 
separated and financed differently. In institutional building, 
building costs are almost considered solely as initial, visible 
contract costs. In speculative building, there is a c<^arparative 
market advantage to a lov initial cost, disregarding lifetime 
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cost Implications* 

Since orerell operational cost savings irlll * 
also reflect long tern energy savings , the cost /benefit ratio 
analysis becomes an ivportanb tool in energy conoervation. While 
it does not contain specific building design reconaendationSy it 
helps to identify and justify mny of the decisions recoonended 
in earlier sections of this report. 

b. Selecting the energy supply systen fbr a build- 
ing is deteTfldned by an effort to provide the highest levels of 
perfbmance t>iTOUghout the structure. The search to satisfy 
increasing requi^enents has vade it possible to maintain a vide 
range of selected interior conditions vithln very close tolerance* 
However > the attenqpt to ivprove cost/benefit ratios has not alvays 
resulted in energy conservation taehnlques, since the decision may 
be governed by a too short->texm ftanework* When the decision is 
overbm^oned by lov initial cost considerations , long-run financial 
econoBdes or optiBnai energy xise will generally be overlooked. Hoir- 
ever, the isost effective use of energy resources does not invar* 
iably increase first cost. The approaches to improving energy 
conservatlan are northy of the Archltecrb^nglvieer*s most determined 
efforts and suitable rewards nould stimulate the iiork. 

c. Frequently the alternate ways of meeting 
building construction needs have comparative implications that are 
apparent so that the decision is relatively straight forward. 
Building enetf^ simply and. delivery systems » hofwever, are inore 
cosqplez and will have significant differences which are not self- 
evident. Therefbre, it Is necessary that the alteifnates robnlt 
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to rational Malysli if the effects of varl^tlone are to be eys- 
teaatleally explored. Many iaetort (eoMe unique to the structure - 
to Its occupants and use) are pertinent to the specification of the 
proper systen. A prudent decision is dependent upon an evaluation 
that is mde laore difficult since it is lapractlcal to reduce all 
differences to wnetaxy terms « 

d. Accurate detomination of energy requlrenents 
or fuel consupption of tlie mechanical systems devices and electri- 
cal apparatus is vital if the pidaar/ objective is to optimise 
energy use. . A high degree of accuracy can be attained by vsing 
am integrated energy analysis coHputer program, pz*eferably one 
that permits manual verification. Failure to select the proper 
systcB can result trm ineoaplete or misleading conclusions , ard 
not only condam the installation to the consequences for many 
years, but also reflect unfavorably on the decision maker 



comprehenaive analysis prodedure to assess alternate building 
energy mxpply systems: 



The following are the essential steps in a 



(1) 

(8) 



Make Selection of Qystems and Equipment 



Determine Overall Energy Requirements 



for Oonparative Analysis 



(3) 
(5) 



Make Economic Comparisons 



Develop Equipment Ener^ Oonsuaption 



From the Above Make Final Selection 



of Optimua Systems and Equipment 
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f. IntelllgeiYt use of a detailed analysis pro- 
eeduare will peztnlt the decision waker to (l) Integrate design 
point calculations of peak thenMl and electrical load In order 
to nake a reliable estinate of hourly, vonthly and annual energy 
requirements; (2) Determine the energy oonsunptlon of various 
types of systeu iihlch my be ued to seet those energy require- 
ments; (3) Oompare the total owning and operating costs of the 
various systems being considered. If the Ivrput data Is valid, 
a sound basis for comparison Is established. The objectivity of 
procedures should be verified by separate calculations^ thereby 
providing the user confidence to make a better energy utilization 
decision. Proper fees should be allocated to Architects and En- 
gineers for this additional analysis, vfalch irlll more than pay fbr 
Itself In reduced energy requirements. 
2. Recommendations t 

a. Short Range : 

(1) All State agencies Involved In building 
Bhoiad requlire a $0 year cost/benefit analysis sftudy fbr each 
major project including an isolated study of energy use. Design 
fees should be increased to permit both the coqparatlve studies 
and the cost/benefit analysis. 

(2) Since this is a new area of study, the 
State should authorize several such studies on a time basis to 
establish costs for much a study. 

(3) All building programs assisted by State 
funding (housing, schools, medical facilities, etc.) should be 
required to c^omply in a similar manner. 
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(k) The private eector» partlculArly liaiike 
Md Inturwice coHpanlee that provide Mortsagee fbr epeculatlve 
building^ ehould be encouraged to require cost/t>eneflt Malyele 
befbre granting loans. 

b. Middle Bmge ; 

(1) A central data Imnk should be aet up to 
record and analyze cost/benefit perfbxvance according to building 
type and location. This ehould be part of a national agency euch 
as the Building Research Institute. 

c. Long Bsnge : 

(l) The results of the above analysis should 
be studied and pxibllclzed. 
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ANNEX Al 

OUTSIDE WALLS > RO OFS AND INSULAT ION CONSIDERATION 

^ Walls and roofs forr. the envelope to give buildings identity 
and protect the interior from the elements. Thro\igh the walls and 
roofs there is a constant transfer of energy resulting from teniper- 
ature differentials between the interior of the structure and the 
outside ambient conditions. The rate of energy transfer through the 
walls and roofs is a function of the material coniponents and the 
difference in temperature. 

In all caBes the measure of the wall or roof units capability 
to transfer energy is measured by its (SvercLLl coefficient of heat 
trananlsslon or "b^' value. The "U*' value is usually expressed in 
British Thermal linits (BTU) per hour per unit area (square foot) 
per degree fahrenheit (°F) temperature difference between air on 
the inside and air on the outside of the combination of materials 
and also to singSie materials such as window glass and includes the 
surface conductance on both sides. 

Heat transfer throxigh the exterior envelope, in addition to 
the energy transfer which takes place through the wall section, 
should include the energy transfer through the windows (glass). 
The latter should take into consideration the additional transfer 
due to infiltration or exf titration of air throu^ cracks or window 
framing. 

It can be generally stated that in order to reduce the energy 
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transfer through the envelope of the building, that the "UT* value 
of the walls, roof etnd windows must be as low as can possibly be 
attained using presently known techniques of design and construction 
with the materials available. One widely used method for reducing 
the "U" value of walls and roof is to introduce insulating material 
which has the ultimate effect of decreasing the "U" value of the 
wall or roof. In the case of glass, reduction *of energy transfer 
has been accomplished by using double glazing, addition of storm 
windows, use of thermopsuie glass or, by reduction of the glass area, 
to the minimum area consistent with Code requirements. 

Codes and Standards 

a) On the question of heating and insulation, the New York 
State Building Code requires compliance with applicable provisions 
of accepted standards. The accepted standards are identified as the 
"Guides and Data Books'* of the American Society of Heating, Refrigerat- 
ing, Ventilating, and Air Conditioning Engineers, and the National 
Fire Protection Association Standards. 

b) The New York City Local Law No. iC (N.Y.C. Building Code) 

in addition to stipulating that the calculations for heat requirement 
be in accordance with the ASHRAE Data books, further stipulates the 
minimum temperature requirements for spaces depending on the use of 
such space. 

c) In view of the above it is evident thac in any given building 
design situation, the designer has a liberal choice of materials 
and/or combination of materials which he can use to form the build- 
ing envelope. His expertise in combination with that of his con- 
sultants will determine the relative amotmt of the energy require- 
ments to satisfy the design conditions set up. 
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d) Design Stemdards - Many Gtovernmental urgencies, amo^ig them 
the Division of Housing and Community Renewal have published Design 
Standards, which stipulate the minimum requirement for walls, roofs 
and energy transfer requirement for same. 

Present building design and construction practices rely on a 
number of accepted and basic wall and roof types. Among these are 
the following: 

Walls Roofs 

1- Solid Masonry Ifaits 1- Concrete slab with 

weatherproof Ing 

2- Cavity walls 2- Concrete slabs with 

applied exterior and/ 
or interior Insulation 

3- Curtcdin walls 3- Sand\dch panel 

a) Single skJn type 

1) Metal clad-on frame 

2) Translte cover-on frame 

b) Sandwich type 

k' Glass exterior k- Prefabricated Insulat- 

Heat reflecting ing panels 

Heat absorbing 

5- Wood frame roof s 

with or without vented 
attic space 

Published data (ASHRAE Guide) of relative values of typical walls, 
roofs., etc., show the relative reduction of "U*' value attained by 
the addition of instilation - for example: 

Construction "XT' Value "IT' Value 

(Less Insulation) (With Insulation) 

1. Frame Construction 0.23 0.07 

2. Solid Masonry (4B) 0.29 0.13 

3. Solid Masonry (to) 0.l6 0.13 
k. Cavity Wall (if E) 0.21 0.0? 

5. Masonry roof 0.22 0.11 

6. Wood Flat roof 0.17 O.OU 
Q 7. Metal Roof O.ko 0.15 
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Glass 



a) Single U =: 1.13 
Varying air space b) Double U = 0,69 - O.58 
Veirylng air space c) Triple U « O.U? - O.36 
Storm Windows U = 0,56 

A comparison of heat loss of an ixninsulated stznacture and the 
effect of addihg insulation to typical wall sections and roof: 

Solid masonry walls with masonry roof and single glass windows. 



200 



Wall 10 Ft, 
AT 

Heating 



70^F 



^ 0 Ft. 



Story Height 
10 J^. 



floor Area 

20,000 SP 

Glass Area 
@ 10^ of Floor Area 
2,000 SF 

Wall Area 

6,000 SF 



Note Example treats only 

walls, roof and glass for 
simplicity of comparison. 


Less Glass 

2,000 SP 

Net Wall Area 

If, 000 SP 






btu/hr. 


Energy Transfer 




AREA U X T = 


-BTU 


ings 


a) Walls 4,000 xO.29 x 70 = 


81200 




■ 


b) Insulated xO.13 x 70 = 


36I+OO 


IA8OO 


56 


a) Roof 20,000 xO.22 x 70 = 


308000 






b) Insulated xO.ll x 70 = 


151^000 


I5U0OO 


50 


a) Glass 2,000 xl.l3 x 70 = 


158200 






b) Double x0.60 x 70 = 


BlfOOO 


7U2OO 


U6 


Total (a) uninsulated 


5U7UOO 






. Total (b) instilated j?ingle glass 


357000 


190lfOO 


35 


Total (c) double glass & Insu-' 


27MfOO 


273000 


h9 



lation 
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It can be seen from the simple comparison that the energy sav- 
ings using insulated walls and roof and single glass is 35 percent 
ever that using uninsulated walls and roof with single glass. It 
is noted that the addition of double glass leads to a further sav- 
ing of ik percent or a total saving of k9 percent energy transmission 
under design conditions. Similar savings in energy requirements 
can be realized for summer conditions. 

Insulation of floors, building perimeter and selective treat- 
ments of ceilings and partitions can further reduce energy transfer. 

Additional savings may be realized by reducing the design con- 
dition requirements based on a more detailed study of local ambient 
conditions and habits for both winter and summer requirements. 
Conclusions 

1. Reduction of energy requirements within a structure can be reduced 
by: 

a) Insulating roofs and/or ceilings 

b) Insulating walls 

c) Insulating floors, perimeter and internal partitions 

d) Use of storm windows 

e) Use of double glazing or triple glassing, 

f ) Use of "thermopane'^ type glass 

2. Existing New York State Codes are voluntary. 

3. Existing accepted standards are voluntary. 
Recommendations 

The following recommendations are submitted for consideration: 

1. A program to reduce energy use be initiated immediately. 

2. Such a program should include the participation of Government, 
Professionals, Private industry, the Building construction industry, 
the public utilities and consumer representatives and agencies pro- 
tecting the public interests. 
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3- The program might be set up to consider the question of energy 
use in three steps. 

a) What can be done now . 

b) Vlhat can be done over the next two years - intermediate. 

c) What can be done for the future. 

Following the above proposed type program some of the items 
T^ich might be considered on the now basis would be: 

1. Existing buildings be required to be eqiiipped with storm windows, 
or irtiere possible doiible glazed or thermopane sash. 

2. Where practicable existing biiildings be reqtJired to have in- 
sulation added to walls, roofs, ceilings, floors and interior 
peu'titions . 

3. That the above recommendations be on a voluntary basis for a 
limited period of time, say five years. Inducements might 
include tax relief to overcome initial first costs involved to 
Owners • 

k. An educational program be initiated and continued. The purpose 
of the program would be to educate the general public as to the 
nature of the problem, the need for cooperation and the benefits 
which each and all can derive from peurticipation. 
For the intermediate situation, the following are possible items 

for consideration: 

1. The New York State Building Code be meuie mandatory. 

2. The Code include minimum "U" values required for various con- 
struction elements - such as walls, roofs, floors - etc. - and, 
that it include minimum design temperatures to be maintained for 
v8-rious usage of space and for varying outside design conditions. 

3. That Governmental agencies Involved in building construction in- 
clude specific design requirements for use of insulation in walls, 
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roofs etc., and for the use of storm windows, double glazing 
and/or thermopane in the construction of buildings under their 
programs . 

• For the future or long term, it is recommended that the govern- 
ment, industry, the profession and the public maintain constant 
liaison through a working organization whose purpose would be to 
establish a record of experience based on the first two phases of 
the program. With the experience at heuid, it may be possible at 
that time to consider further reduction of "iT* values for bTillding 
elements and/or establish other design limitations which will lead 
to the conservation of energy* in future bTilldings. 
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N.Y. I'.tate Bui Minn Consbructi«m Code l?/l/6)+ 
( General Building; Construction) 

C - ';oU-2 . 10 Insulation 

a) To reduce the rate of heat flow through building construction 
shall conform to the requirements of Sect, C-501. 

b) Insulation on surfaces of heat producing equipment shall be 
non-combustible materials. 

C-501 C General Requirements for Equipment 

(855) The design aind installation of equipment and systems shall 
conform to the requirements of Section C-IO7. 

C-107 Acceptability 
(802.2) 

a) Compliance with applicable provisions of generally accepted 
standards, except as otherwise prescribed in this Code, shall con- 
stitute compliance with this Code. 

b) Deviations from applicable provisions of generally accepted 
standards, when it shall have been conclusively proved that such 
deviations meet the performance requirements of zh±n Code, shall 
constitute compliance with the Code. 

N.Y. State Building Construction Code 12/l/6h 
(Multiple Dwelling) 

B-50U-2.IO - Insulation - (Same as C-50lf-2.10 
(758.25) 

3-501-C - (Same as C-501c) 
(755) 

B-IO7 - Acceptability - (Same as C-IO7) 
One qind Two Family Dwellings - I2/1/6U 
A-50U-2.IO Insulation - (Same as C-50U-2.10) 

A-50I-C - (Same as C-501-C) 

(655) 

A-107 - (Same as C-I07) 
(602.2) 

Accepted Standards 

Heating - Ventilating, Refrig. & A.C. 

ASHRAE Guides and Data Books 

IJFPA 
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Insulation and Heating 



NYC Building Code 
Local Law No. 76 
Effective 12/6/68 



Standards of Heating 



Subarticle 120lf.O 



§C-26-120U.l Heating Requirements 



Reference Standard Rsl2-1 



Outdoor Design Temp. 5 F. 
Wind Velocity 15 n^h 



Table 12-1 



Minimum Space Temp. Require- 
ments 

Min. Temp, of 



Habitable Rooms 

Building Equlpt.Sc Mats. Rooms 

Patients rooms, bathrooms 



70 

50 (Temp, at 5 ft. 
75 above floor) 



toilets & corridors in hospitals 
and nursing homes 

Reference Standard 12-1 Heating - 

"The heating capacity required in each room or space shall be 
calculated in accordance with the principles set forth in ASHRAE 
guide and data book - 1965-I966. . ." 

Insvilation Sound Control - 

Sotind Insvilation of wall floor and door construction 
NBS, Monograph 77, Nov. 30, I96I+ - Supt. of Dociaments 

Gov^t Printing Office 
Washington, D.C. 20U02 

Noise Reduction Control with Insulation Board) Insulation Board 
for Homes, Apartments, Motels, Offices, AIA ) Institute 



File; No. 39B, Third Ed. 196U 



111 West Washington St. 
Chicago 2, 111. 
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Division of Housing PAffP 1.711 DESIGN STANDARDS Rev. 1-1 -6H 

Sc. Commxinity Renewal nirRPAR'P 171 1-7 ARCiriTECmmAL REQUIREMENPn Parie 7 
New York State 



Section 1711-7.6 Heat and Sound Insvilation 

(a) General 

Ceiling and soffits shall 'be insulated in all cold areas 
such as Ainexcavated areas, crawl spaces, garages, and 
over-exposed lobbies and loggias, axA in all hot areas 
such as boiler rooms and incinerator rooms, where there 
is a considerable difference in temperature between 
these areas and the living or occupied spaces above. 
Community, laundry rooms, boiler rooms, and similar 
public spaces above located adjacent to or below living 
spaces shall have sound-ins\ilated ceilings and/or walls. 
Incinerator flues and chimneys, when adjacent to dwelling 
units shall be insulated. 

(b) Attic Spaces and Roofs 

Insulate between roof joists and attic spaces with at 
least 3" of inorganic insulation with vapor barrier on 
the warm .?ivie. The minimum "U" value for the insulated 
attic flovor construction shall be .07* See Section 
1711-8.8 for ventilation of sucfe spaces. 

Roofs of buildings of reinforced concrete or cast slab 
type construction shall have vapor barrier and rigid 
inorganic roof insulation (suitable as a base for built 
up roofing) of such thickness as to develop a "U" value 
of .15. 
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Division of Housing PART 1711 DESIGN STANDARDS Rev. 1-1-68 

& Community Renewal SUBEART 1711-7 ARCHrTECTURAL REQUIREMENTS Page 8 

New York State 

Section 1711-7.6 Heat and Sound Insulation (cont'd) 

(c) Sound Reduction 

The foB.owing floor, ceiling and peurtition construction 
shall have a Sound Transmission Class (S.T.C.) rating of 
not le/3s than ^5 (as per National Gypsum Company publi- 
cation,. ''Gold Bond Sound Insulation Theory and Practice" 
(latest edition) or approved equal): 

(1) Floor and ceiling construction between apartments. 

(2) Partitions between apartments may be constructed as 
follows: 2-1/2" trussed steel studs, 3/8'' rock lath 
on both sides, one side with resilient clips, 1/2" 
sanded gypsum plaster on both sides, or approved 
equal. 

(3) Partitions between bathrooms or toilet cornpartmen.ts 
and living rooms in the same apartment. 

(k) Walls, p€u?titions, floor, and ceiling construction 
between apartments and areas with mechanical equip- 
ment, such as elevator hoistways, boiler rooms, 
motors, switches, incinerators, garbage collection, 
pump and equipment rooms. 

(5) Recessed medicine cabinets back to back (adequate 
soTindproofing is required). 

(6) In addition to the above items, it is desirable 
that closets be used as sound barriers, where pos- 
sible . 



(d) Ceilings of Spaces below Living Areas 

(1) Ceilings for laundries,, ptuirp rooms, fan and eqiiipment 
rooms, and incinerator rooms shall be as follows: 

Suspended, exposed "T" system with 3/l6*' x 2V' x 2V' 
or U8" perforated "Transite" asbestos cement panels 
and a 2" thick fiber glas overlay; or, simplex Metal 
Pan with 2" insulation. 
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Division of Housing PART 1711 DESIGN STANDARDS Rev. 1-1-63 

& Community Renewal SUBPART 1711-7 ARCHITECTURAL REQUIREMENTS Page 9 
New York State 

Section 1711-7.6 Heat and Sound Insulation (cont'd) 

(d) Ceilings of Spaces belov Living Areas (cont'd) 

(2) Ceiling for boiler rooms shall be either (k) or (il) 
as follows: 

Ci) Hirng ceiling, insulated with 2" magnesia block 
and finished with a smooth hard asbestos and 
Portland Cement plaster. 

(il) Hung ceiling, insulated with U" fiberglas and 

steel trowel finished with Vermiculite Portland 
Cement plaster. 

(3) Provide ventilating bricks in perimeter walls of 
hung ceiling spaces or other type of positive throu^ 
ventilation which will prevent condensation • 



(k) In cavity wall construction, install 2 oz. sheet copper, 
laminated with asphalt to fiber-reinforced kraft paper 
flashing xmder window sills; same to extend 1" beyond 
jambs. Install 1" fiberglas insulation at head and 
jambs of all window casings. 
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ANNEX /\2 
GUARANTEED EFFICIENCY METHOD 
FOR LARGE BOILERS 

STATE OF NEW YORK-EXECUTIVE DEPARTMENT 
OFFICE OF CTHERAL SERVICES 
DESIGN AND CONSTRUCTION 
BUILDING NUMBER k 
STATE OFFICE BUILDING CAMPUS 
ALBANY, N.Y. 12226 



Spec. No. 



INSTRUCTIONS FOR BIDDERS 
1 . 0 General 

The purpose of this section is to inform each prospective bidder 
as to the proper procedure to follow in the preparation of the bid 
and the method by which the State of New York will evaluate bids, 
determine the lowest responsible and reliable bidder, as will best 
promote the public interest, and calculate liqiiidated damages,, 

2.0 Definitions 

The following terms, as referred to hereinafter, are defined as 
follows : 

2*1 Bid Price is the eunount in dollars of the Contractor's proposal. 

2.2 Guaranteed Gross Efficiency is the predicted efficiency which 
the Contractor guarantees in his bid. This efficiency shall 
be based on 75^ of maxinnim continuous load. 

2.3 Actual Gross Efficiency is the efficiency as determined by the 
acceptance test specified in Section 53 as cunended. 

2.k Fuel Cost is the amount in dollars of the fuel as determined 
by the Formula . 

2.5 Lowest Responsible and Reliable Bidder is the bidder whose 
proposal is computed by the State as the lowest combined sum 
in dollars of the bid price and the fuel cost, and which will 
best promote the public interest, 

> 

The fuel cost as estimated by the formula is added to the bid 
price. The sum of these is the basis which determines the 
lowest combined value. The lowest combined value will be a 
factor in determining the "lowest responsible and reliable 
bidder" as defined above. 

2.6 lAquidated Damages is defined, for the purpose of this specifi- 
cation, as the added cost of fuel due to a lower than guaranteed 
efficiency, 

3*0 Submission of Bids 

The proposal as submitted by the Contractor shall include the 
following: 

3.1 Bid Price 

3*2 Guaranteed Gross Efficiency 
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4.0 Evaluation of Fuel Cost 

The State of New York will evaluate the fuel cost pursuant to 
the method of evaluation as herein specified. The fuel cost shall 
be determined by the following formula. 



NOTE TO SPEC, WRITER: 

Pour formulas are Included here for: 

(1) Steam Plant coal fired; 

(2) Steam Plant oil fired; 

(3) HTW Plant coal fired; 
(k) HTW Plsntoil fired, 

USE ONLY ONE 



FORMUIA (1) 

Fuel Cost = axbxcxdxexhxi = 
^ X k X 1 



The data used in the above formula to determine fuel cost Is 
as follows: 



(a) Capitalization period, years = 

(b) Output of one (l) boiler at maxi- 
mum continuous loeid Ibs./hr. = 

(c) Percent of maximum continuoxis load 
at which the boiler is to be 
operated, expressed as a decimal = 

(d) Number of boilers in operation 

at one time = 

(e) Total number of operating hours, 
per year, per boiler = 

(f) Boiler output, enthalpy of steam, 
btu/lb- 

(g) Boiler input , enthalpy of feed 
water, btu/lb. = 

(h) Difference of enthalpies (item 

f - item g), btu/lb. = 

(i) Average fuel price, delivered, 
$/ton = 



10 



.75 
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(d) Lbs. /ton = 2000 

(k) Fuel heating value, bfiu/lb. HHV. « 

(l) Guaranteed Gross Efficiency = 



NOTE TC SPEC. WRrPER: 

Operating hotars are determined as follows: 
Annual steam output of plant in lbs. 

Number of boilers in operation at one time x output of the 



boiler in Ibs/hr. 
Round out answer to nearest 1,000, 



A2.3 



Spec. No. 



lEB . 3A 
PORMUIA (2) 

Fuel Cost - axbxcxdxexhxl = 

a X k k 



The data used in the above formula to determine fuel cost is 
as follows: 



(a) 


Capital! f^ation period, years = 


10 


(h) 


Output of one (l) boiler at 

raaxiraum continuous loeid Ibs./hr = 




(c) 


Percent of maximrjm continuous load 
at wMch the boiler ic to be operated, 
expressed as a decimal = 


= .75 


(d) 


Number of boilers in operation at one 

time = 


= 


(e) 


Total number of operating hoxirs, per 

year, per boiler = 




(f) 


Boiler output, enthalpy of steam, btu/lb. 




(g) 


Boiler inputs enthalpy of feedwater, 
btu/lb. 




(h) 


Difference of enthalpies (item f - 

item g), btu/lb. = 




(i) 


Average fuel price, delivered, $/gal. = 




(J) 


Fuel heating value, Btu/gal.,HHV = 




(k) 


Guaranteed Gross Efficiency = 




NCfPE TO SPEC. WRITER: 




Operating hours are determined as follows: 




Annual steam output of plant in lbs. 

No. of boilers in operation at one time x 

output of one boiler in Ibs./hr. 




Round out answer to nearest 3,000. 
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PORMOIA (3) 

. Fuel Cost = axbxcxdxexf 



g X h X i i 

The data used in the above form\ila to determine fuel cost is 
as follows: 



(a) Capitall:;ation period, years 

(b) Output of one (l) H.T.W. generator 
at matxiraum continuous load, btu/hr. 

(c) Percent of maximum continuous load 

at vhich the H.T.W. generator is to be 
operated, expressed as a decimal 

(d) Number of HTW generators in operation 
at one time 

(e) Total number of operating hours per 
year, per HTW generator 

(f) Average fuel price, delivered $/ton 

(g) Lbs/ton 

(h) Fuel heating value, btu/lb., HHV 

(i) Guaranteed Gross Efficiency 



10 



.75 



2000 



NOTE TO SPEC. WRITER: 

Operating hours are determined as follows: 

Annual HTW Output In BTU 

No. of HTW generators in operation at one time x 
output of one HTW generator in btu/hour. 



Round out to nearest 1,000 
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IFB - 3C 
FOKrJL\ (U) 

Fuel Cost g« axbxcxdxexf « 

g X h h 

The data used in the above formula to detcmlne fuel cost is as fol- 
lows: 

(a) Capitalization period, years ■ 10 

(b) Output of ore (l) HT/f generator at 

maxinuin continuous load, btu/hr, ■ 

(c) Per cent of naxir^^n: continuous load 
at v;hjch th? >!r.-? n:orcrator js lo be 

operated, e>:T>Tcsccd as a decimal » 

(d) NuTibcr of HT^f (generators in operation . 
at one tine « 



(c) Total number of operating hours, per 
yeijr, per HIV f^cnerator 

(f) Average fuel price, delivered, $/gal, 

(g) Fuel heatinR value, Btu/f;al., HHV 

(h) Gufirantced Gross Efficiency 



NOTE TO SPEC. WRITER: 

Operating hours are determined as follows: 

Annual H.T*W. Output in BTU , 

No. of HTW generators in operation at 
one time x output of one generator in 
btu/hr. 

Round out to nearest 1,000 
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I TO - h 

NOTE: The Gnaranteod (Irosn KiTJclcncy in the above I't^rmula shall 
be expressed as a decimal, and shall be as submitted by the 
Contractor in his Proposal. 

The fuel heating value is based on the fuel as specified in 
the ''Fuel Burning Equipment" Section. This is the fuel that 
the State expects to burn during the capitalization period. 

3^0 Efficiency Evaluation 

The State of New York reserves the right to compare the 
actual gross efficiency obtained against thn guaranteed gross ef- 
ficiency as submitted in the proposal. 

6.0 Liq\ildated Damage Calculations 

In the event that the acceptance test determines that the 
actual gross efficiency is less than the guaranteed gross efficiency, 
the Contractor expressly agrees to pay and the State shall be en- 
titled to liquidated damages, and not as a penalty, the sum of 
money, pursuant to the calculations thereof 9.S hereinafter de- 
scrib3d, by reason of the lower efficiencj/. 

It is hereby fixed and agreed that the liquidated damages 
shall be calculated as follows: 

6.1 The fuel cost shall be determined by the "Formula". The item 
Guaranteed Gross Efficiency shall be as submitted by the Con- 
tractor in his proposal. This fuel cost, corrected to the 
nearest hundred dollars, is used in the awarding of the con- 
tract • 

6.2 A second calculation will be mode by the State using the 
"Formula", except that the Efficiency will be the Actuoil Gross 
Efficiency as calculated from the acceptance test data. The 
Actual Gross Efficiency expressed as a decimal shall be 
carried out to four places. 

6.3 The amount that paragraph 6.2 exceeds paragraph 6.1 shall be 
deducted from the contract bid price as liquidated damages . 

IICTE TO SPEC. WRITER 

Section 53 - Testintg shall be amended as required. Refer to 
Standard Office Amendment to Section 53* 
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ANNEX A3 
STATE OF NEW YORK 
EXECUTIVE DEPARTMENT - OFFICE OF GENERAL SERVICES 
DESIGN AND CONSTRUCTION CROUP 

November 1 , i97 2 

TO : All Division Diirectorsy Office Chiefs » & Bureau Chiefs 

FROM ! Director of Design and Construction Group 

SUBJECT: Establishment of the Architectural/Engineering Project 
Review Board 



The purpose of this memorandtfli is to establish procedures 
for the broad technical review of the planning^ programming^ 
design^ construction supervision and inspection ef major projects 
(normally those projects with £n estimated construction cost of 
llOOyOOO or more or projects of a sensitive or special interest 
natoire) which are the responsibility of the Design and Construction 
Group in accordance with the Public Buildings Law* 

The importance of the accuracy and con^leteness of every 
project cannot be overemphasized* There is, sometimes, due to the 
unusually short period of time available for preparation of plans, 
specifications, and other documents, the rationalization that these 
are Just preliminary submissions; therefore, they can always be 
reviewed and changed at a subsequent time* Factually however, 
change is not easily accomplished by us after an estimated cost and 
scope have been approved by the requesting agency* 

After authorization and funding of a project, the project 
must not exceed the scope and funding approved and mujst result in 
a complete usable facility whilch will satisfy the client's require- 
ment* Therefore, it is Imperai^ive that the best ^;<ossible review of 
the programs, plans, and specifications be made prior to submittal 
to the client since the final product is dictated by these docisments* 
Review of the construction supe;rvision and inspectioti phue^ after 
completion of the project will provide feedback to improve our 
planning, design and construction of future projects* 

To ensure that projects are being thoroughly reviewed in 
accordance with the above by ;^11 elements of cognizant Divisions and 
Offices within the Design and Construction Group, an Architectural/ 
Engineering Project Review Board is herewith established* 
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All Division Directors, Office Chiefs, & Bureau Chiefs 
Page 2 

November 1, 1972 



The Board shall be composed of the following: 

Director D & C - Chairmsui 

Facilities Programning - Meznber & Recorder 
Division Director 

Design Division Director - Mamber 

Architectural Bureau Chief - Member 

Engineering Bureau Chief - Msznber 

Contract Administration - Member 
Division Director 

Construction Supervision « Member 
Division Director 

Rehabilitation Planning - Nfember 
Division Director 

Project f4anagement Office - Msnber 
Office Chief or Cognizant 
Project Manager 

In addition, such other specialists (e.g., roofing) will be 
temporaxily assigned as required. 

The Board shall be convened for review by the Recorder at 
prime project milestones, such as, prior to submission for approval 
to the client of planning/programming, schematic, preliminary and 
working drawing documents*, and for review of the construction phase 
following the final inspection of the project. Copies of material 
to be reviewed shall be presented to the members of the Board at 
least two days prior to the meeting for review. The cognizant 
Division representatives will briefly explain the project to the 
Board and the remaining members of the Board will present comments 
and recormnendations within their areas of responsibility. 

•^ote: Review of one or more phases may be oniitted as determined 
by the Director. 



Harry Stevens, Jr« 
Director 

HS:pma 
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I. INTRODUCTION 

This Subcotomlttee discussed the potential role of con ractors 
and owner-builders In the conservation of energy during the con- 
struction phase of large buildings* The types of buildings 
considered are large multi-dwelling residential complexes » 
commercial buildings , and Institutional sites* 
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II. SUMMARY 

A. ROLES OF CONTRACTOR AND OWNER^BUILDER 

In the current role of the contractor, he normally only 
performs that work which Is required In contractual plans and 
specifications produced by the architects and engineers. However, 
some architectural and engineering firms and their clients now 
consult with contractors of the various trades during the design 
phases of a project# Owner »bullders, concerned with aesthetics, 
plus functional and practical considerations, have the ability as 
clients to Impose some of these considerations on the design pro- 
cess. This report reflects a balance between the input of owner- 
builder and contractor Subcommittee members, both general and 
mechanical/electrical. The reader will note a reluctance on the 
part of this Subconrolttee to Intrude upon the prerogatives of the 
designers. However, the content of the report will reflect a 
willingness on the part of the contractor and owner-builder sector 
to lend their experience to further the prospects for energy 
conservation in large buildings during the design, construction, 
and maintenance and operational phases. 
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B. TEMPORARY HEAT AND SERVICES 

Temporary heat and tervlcet are used In many cases 
where the permanent heating and other systems may be utilized 
In a nev building. 

C. BUILDING CODES 

There are many restrictive overlapping building codes. 

D. JOINT COMMITTEES ON CONSTRUCTION PROBLEMS 

Numerous Joint corasittees are investigating means to 
review and resolve problems concerning labor mobility^ trades 
jurisdiction, worlonanship, and management during the construction 
phase. 



ERIC 



CONSTRUCTION 



111. DETAILED STUDY 
A. POLICY 

1. The Subconmlttee members discussed at length the 
roles o£ contractors and owners-builders In energy conservation 
with considerable attention given not only to the construction 
phases » but also to the design and maintenance and operational 
phases as considered appropriate. This resulted from our review 
of the tuany publlcaticns, monologues, and technical papers pro- 
vided the Subcommittee in advance of our meetings by the 
Secretariat* as well as our own personal experiences. The 
results of this review were that these publications did not 
overtly concern themselves with the potential tor Input of the 
construction sector to the solution of the energy conservation 
problem. Great emphasis was pl£\ced by most of these reports on 
the designer and owners. Our reluctance to Invade the design 
prerogatives was of concern to the contractors present, but not 
to the owner-builders » who acting as clients, have the ability 
to strongly Influence the professional design so that it will 
produce the best short and long-run energy conservation results 
conniensurate with cost and standard of quality. 
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B. PRACTICAL CONSIDERATIONS 

1. Temporary Heat and Services 

a. Steps should be taken to use the permanent 
heating, electric, water and other systems, wherever possible. It) 
order to eliminate the provision of such temporary services* The 
provision of temporary heat, in particular, is costly, both in 
terms of manpower and energy consumption. Elimination of the 
restrictions, which are now placed on the operation of permanent 
equipment for temporary heat, would result in the earlier use of 
the permanent systems. Where temporary heat is required, tempera- 
tures should be specified commensurate with the actual needs at 
given areas of a building under construction. Certain finishing 
operations should be undertaken only after activation of the 
permanent heating system. To Insure conservation of energy during 
the pre-occupancy phases of construction, permanent closure of 
structures must be accomplished at the earliest possible date, or 

temporary closure providing protection from the elements should 

be provided. If possible^ temporary closures should contain 
materials which can be modified and Incorporated in permanent 
closures. Heat of construction, l*e*, concrete, power tools, waste 
steam, etc. should be retained and used to supplement temporary 
heat* During construction, the contractor should be required^ 
during non-working periods, to turn off lights (except minimum 
lighting for security and safety), reduce building temperatures, 
insure shut-off of all water, etc., to conserve energy# 
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, b« Several Subcononlttee members are familiar with 
the Hork of the Staters Interdepartmental committee on temporary 
heat sponsored by the Design and Construction Group of the New 
York State Office of General Services In this area. The recom- 
mendations of this joint committee, which reflect Inputs from 
architects, engineers, and contractors were reviewed; barriers to 
their full Implementation were cited* This citation resulted In 
a lengthy discussion of the contents of labor agreements and the 
leading decision of the Supreme Court In the work preservation 
area. It Is apparent that the leadership of some craftrunlons 
have recognized the problems created by jurisdictional strife and 
make-work rules by aiding in the establishment of joint labor** 
management committees charged with taking steps to remove the 
barriers cited* Several members of this Subcommittee are also 
members of these joint labor-management committees; they will 
undertake to promote the energy conservation message. The Sub- 
committee members emphasized the need for specification writers 
to use appropriate contract requirements to produce conservation 
of temporary heat and temporary electrical services (see Annex B-1). 
2* Efficiency in Construction Management 

The Subcommittee discussed the **new^^ techniques in 
construction management and commented on the entry of those who 
are unfamiliar or ill-equipped with the necessary skill, to properly 
manage the construction phase. It was said the degree of sophisti- 
cation in construction management is improving, because of client 
demand for time/cost savings in an inflationary era and as a result 
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of reduction In construction volume In this State, both In the 
public and private sectors. Severe competition often gives rise 
to cost-savings techniques and new construction management methods. 

Limitations on management's rights to manage were 
discussed, with these limitations pictured as having significant 
Influences on the quality and quantity of skilled manpower. Again, 
the problem Is recognized by both the trades and construction 
management; State-wide committees have been organized to seek 
solutions to the manpower and quality control problems. The 
contractor members of this Subcommittee pointed to the need for 
proper specifications and for the appreciation of the Influence 
of design on construction scheduling and cost. One solution to 
the manpower problem could come with Insuring mobility of labor, 
but the lack of portability of benefit programs has precluded 
mobility. Legislation to Insure such portability is regularly 
presented to both the Federal and State legislatures. Lack of 
labor mobility causes shortages of skilled labor, resulting in 
longer construction time, which, in turn, increases temporary 
services. Proper inspection, as now practiced by the Design and 
Construction Group of the New York State Office of General Services, 
to insure good workmanship, such as proper installation of insula- 
tion, sealing of building envelope cracks by caulking, etc., would 
result in more efficient energy use during the maintenance and 
operation phase. 
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3. Building Codes 

The Subconsnittee discussed the influence of various 
codes ah the selection of tnaterials which could bring about energy 
conservation in the manufacturing, installation, and operations 
phases. The Kew York State Building Code, now adopted by more 
than 600 political subdivisions, was not criticized* However, 
the codes of several cities were discussed and said to present 
severe handicaps to energy conservation* Again, the Subcomnittee^ 
believing design and code to be concomitant matters, hesitated to 
invade the professional's jurisdiction* Nevertheless, the Subcom- 
mittee strongly believes that a detailed study should be instituted 
to analyze the several codes to point up those provisions which 
preclude the conservation of construction and operating cnwgies* 
If the need is validated by this study, a standardized common code 
based on minimum acceptable performance standards which would re- 
sult in conservation of energy should be developed* This code 
should except the major cities of New York City, Buffalo, Rochester, 
Yonkers, and Albany, which have special high-rise requirements, 
particularly in the areas of fire protection and safety* 
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IV. RECOMMENDATIONS 

A. SHORT RANGE RECOMMENDATIONS 

1 • Temporary Heat and Services 

a. Utilize the Design and Construction Group 
of the New York State Office of General Services specifications 
for Temporary Heat as shown In Annex B-1 as a model or standard 
in building construction contracts, modified as necessary for 
Individual projects. 

b. Use the permanent heating, electric, water, 
and other systems, wherever possible in order to eliminate the 
provision of temporary services. 

2. Efficiency in Construction Management 

All designers acting as agents for both public 
and private clients, should consult with contractors for their 
Inputs, during both preliminary and final design phases, for 
information and recomnendations on construction technology and 
economies, with especial emphasis on ways and means for conserving 
energy. Such consultants could also propose construction alterna- 
tives during the planning phase and can accurately predict the 
effects of these alternatives on the project cost and schedule. 
Contractors and own^r -builders should be included in the Architect 
tural/Enf;ineerlng Project De^Jlgn Review Boardr defined in the Design 
Subcommittee Repcrt. 
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3. Instruction of Maintenance and Operation Personnel 
The Subcomnlttee recommends that those employees of 
the client who vlll maintain and operate newly Installed equipment, 
receive Instruction In the maintenance and operation from qualified 
representatives of the prime contractor(s) , his subcontractors, 
vendors, and manufacturers, with the requirement for such Instruc- 
tion to be set forth In the -specifications # Improper operation and 
maintenance contributes to a great deal of waste In the utilization 
of energy. 

B, MIDLLE RANGE RECOMMENDATIONS 

1* Building Codes 

An ln*depth study should be Instituted to analyze 
existing building codes to determine whether they need revision 
In order to conserve energy* If such a need Is validated, then 
a standardized, common code for the State of New York should be 
developed, based on minimum acceptable perfoxrmance standards, 
using national consensus procedures for establishing such stand- 
ards* This code should except the major cities of Nei? York City, 
Buffalo, Rochester, Yonkers, and Albany which have special high- 
rise requirements, due to great numbers of congested high-rise 
buildings, especially in the areas of fire protection and safety. 
Specifically tailored energy conservation requirements should be 
developed for these cities. 



R-10 



CONSTRUCTION 



2. Labor Benefit Portability 

Sponsor or support legislation to assure portability 
of labor benefit programs. These would ultimately result In energy* 
conservation by providing a better supply of skilled worknen* 

C, LONG RANGE RECOMMENDATIONS 

1. All short range and Intermediate range recommenda- 
tions should be reevaluated, modified and updated by a separate 
duly authorized body to Insure conservation of energy during the 
corstructlon phase of large structures • 
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DESIGN AND CONSTRUCTION 
OFFICE OF GENERAL SERVICES 
STATE OF NEW YORK 
MASTER SPECIFICATION 

SECTION 01512 - TiTyj^RARY HEAT 

USE THIS SECTION FOR MAJOR 
CONSTRUCTION. FILL IN ALL 
BLANK SPACES. 

1.01 GENERAL 

A. Prior to the time the building, or any part of the building, 
is enclosed, construction heat, (as differentiated from tempo- 
rary heat), shall be provided by each Contractor, as required 
to accomplish the following: 

1. Protect material and equipment being installed as part of 
the Contract, from freezing. 

2. Provide sufficient heat so that workmen can accomplish their 
labor in a satisfactory manner. 

3. Provide sufficient heat to maintain construction schedules. 

B. When the building, or any major part of it, is enclosed as 
determined by the Director's Representative, temporary heat 
shall be provided in accordance with this Section. The build«» 
ing, or any portion, shall be considered enclosed when the 
exterior walls, roof deck, or overhead closures are completed 
sufficiently to exclude the elements, except for windows, doors, 
ventilators and similar openings which shall be temporarily 
closed with suitable enclosures. In window wall type of con<* 
struction, the Construction Contractor shall furnish temporary 
enclosures if window walls are not Installed as scheduled and, 
in sufficient time to maiiitain progress of the building con- 
struction. 

C. The Construction Contractor shall furnish, place and maintain 

8" thermometers in the building. He shall also furnish 

and install, where directed, seven day, self-contained 

recording thermometers to record air temperature in the building. 
Thermometers shall be Bacharach 14-*1010 or equivalent. 

D. The Construction Contractor shall furnish a supply of charts, 
ink, etc., for each recording thermometer for the duration of 
temporary heating. The charts for the recording thermometers 
shall be twenty-four hour charts arranged for working tempera- 
tures from -30 degrees F. to +120 degrees F. Charts shall be 
delivered to the Director's Representative who will maintain 
operation of the recording thermometer. The recording ther- 
mometers and charts shall become the property of the State. 
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1.02 PHASE I HEAT - BUILDINGS ENCLOSED > PERMANENT HEATING SYSTEM 
NOT READY FOR OPERATION 

A. Under Fliase I, the Construction Contractor shall furnish tempo- 
rary heat starting approximately ■ , or as directed by 

the Director's Representative. The Construction Contractor 
shall include in the bid price, any amount necessary to provide 

temporary heat for ^days. The actual number of days for 

Phase I temporary heat shall be as determined by the Director's 
Representative. In case such direction results in more or less 
than days, then the contract price will be adjusted 

as provided in the General Conditions. Applicable daily charges 
for any price adjustment shall be the average rate paid during 
the period of use of Phase I temporary heat, (total cost of 
providing temporary heat divided by the number of days). The 
Construction Contractor shall furnish dally records of all 
temporary heat costs to the Director's Representative so that 
necessary price adjustments may be calculated. 

B. The Construction Contractor shall provide and operate a suf- 
ficient number of heating units until the petmnent heating 
system is available and in use. Fuel for Phase I heat shall 
be furnished by the Construction Contractor. 

C. The heating units shall be of an approved type meeting all 
applicable codes and ordinances. The units shall have a com- 
bustion chamber and flue so designed that all products of com- 
bustion are vented through ducts to the outside of the building. 
Electric heaters shall not be used. Heat shall be maintained 
between 45 and 55 degrees F., unless higher temperatures are 
required for the installation of materials specified for the 
work of this Contract. 

D. The Cons truot ion Contractor shall take all precautions neces- 
sary to protect all portions of the building from smoke or gas 
damage and to prevent hazardous conditions which may result in 
damages to propercy or injury to persons. 

E. The heating units shall be moved, relocated or adjusted by the 
Construction Contractor as required or directed, to protect the 
work of all trades and Contractors. 

1.03 PHASE II HEAT - BUILDING ENCLOSED - PERMANENT HEATING SYSTEM 
OPERABLE 

A. The HVAC Contractor shall furnish heat under Phase II until 
the permanent heating system is ready for operation by State 
Personnel as hereinafter specified under Phase III. 

B. Prior to , and within 30 days after written noti- 
fication by the Director's Representative to activate the 
permanent heating system, the HVAC Contractor shall complete 
all necessary work to place the heating system in satisfactory 
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operating condition. Wlien the permanent heating system is 
ready for operation, the HVAC Contractor shall use the system 
for temporary heat. 

C. The HVAC Contractor shall include in the bid price, all costs 
(labor, materials and utilities except as hereinafter specified) 
necessary to provide temporary heat under Phase II for 

days. It shall be the HVAC Contractor's responsibility to deter* 
mine vhich portions of the heating, ventilating or air condition* 
ing equipment will be needed to maintain adequate temporary heat, 
in accordance with this specification. The actual number of days 
of Ihase II temporary heat shall be as directed by the Director's 
Representative. In case such direction results in more or less 

than days, then the Contract price will be adjusted as 

provided in the General Conditions. Applicable daily charges for 
a^iy price adjustment shall be the average rate paid during the 
period of use of Phase II temporary heat, (total cost of providing 
temporary heat divided by the number of days). The HVAC Contractor 
shall furnish daily records of all temporary heat costs to the 
Director's Representative so that necessary price adjustments 
can be calculated. 

D. When directed by the Diorector's Representative, the HVAC Contractor 
shall maintain a minimum temperature of 65 degrees F. throughout 

the building, except that where materials require higher temperatures, 
the temperature shall be as required. 

E. The HVAC Contractor shall thoroughly clean, test and otherwise 
prepare the permanent heating system for use for Riase III tempo- 
rary heat. Such cleaning shall be in accordance with Section 
15043 and shall fulfill Contract requirements for such cleaning. 

F. Steam required for operation of the permanent heating system 
when used for Phase II temporary heat will be provided and paid 
for by the State. All other cost, except as otherwise specified, 
shall be borne by the HVAC Contractor. 

G. The Plumbing Contractor shall cooperate with the HVAC Contractor 
by providing and maintaining permanent or temporary water connec* 
tlons as required for operation of equipment for temporary heat. 
The Plumbing Contractor shall include in his lump sum bid, the 
cost of furnishing and maintaining both permanent and temporary 
connections and removing temporary connections. Such costs 
shall Include all labor charges required for maintaining the 
permanent or temporary water connections re^^^ired for temporary 
heat. 

H. The Electric Contractor shall cooperate with the HVAC Contractor 
by providing and maintaining the permanent or temporary electric 
wiring required for operation of the permanent heating system. 
The Electric Contractor shall Include all costs of providing 
and maintaining temporary or permanent wiring and removing 
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temporary wiring in his lump sum bid. Such costs shall include 
all labor required to furnish and maintain temporary and perma- 
nent wiring and electric service required to operate the heating 
system. 

I. The HVAC Contractor shall make all necessary arrangements for 
and shall pay all costs in connection with providing all 
necessary personnel not otherwise specified for maintaining 
and operating the heating system used for temporary heat in 
the building. He shall cooperate with the Constructipn, 
Plumbing and Electric Contractors and coordinate his opera- 
tions to insure that temporary heat is provided as required. 
The HVAC Contractor shall open and close windows as required, 
and also operate ventilation system, as necessary, to provide 
proper ventilation and drying In the building, as directed by 
the Director's Representative. 

J. Where heating equipment, such as finned tube radiator elements, 
heating coils, etc., used for temporary heat may be damaged by 
plastering or other building operations, the HVAC Contractor 
shall provide suitable temporary protective covers for the 
heating equipment. The covers shall be kept on the equipment 
until all plastering and/or other work has been completed. The 
HVAC Contractor shall furnish and install temporary throwaway 
filters as required to maintain the air supply systems and 
equipment used for temporary heat free of dust and debris. 
Filters and protective covers shall be approved by the Director's 
Representative before installation. 

K. Before the permanent heating system is turned over to the State 
for operation, the HVAC Contractor shall arrange for and pay 
all costs for cleaning all equipment of plaster and other 
materials accumulated on same, in a manner satisfactory to the 
Director's Representative. The HVAC Contractor, upon completion 
of temporary heating service, shall arrange for and pay for all 
costs to service and leave all permanent equipment, used in 
connection with temporary heat, in perfect operating condition. 

L. The HVAC Contractor shall furnish and install permanent filters 
as required, prior to the completion date. 

M. All temporary equipment provided by the HVAC Contractor, fcr 

temporary heating services, and which are not part of the perma- 
nent system shall be removed by the HVAC Contractor when no longer 
required. 

1.04 RESPONSIBILITY 

A. The Construction Contractor shall be responsible for all damage 
due to frost and freezing during the period when Riase I tempo- 
rary heat is required by his Contract. He shall also be respon- 
sible for any damage due to improper equipment or the use of his 
equipment, such as stains, smudges, soot or fire and shall make 
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good any damages in a manner satisfactory to the Director's 
Representative. The HVAC Contractor shall be responsible 
for all damage due to frost or freezing during the period 
when Phase II temporary heat is required by his Contract. 

B. Damage to fire risers, roof leaders, etc., installed in 
enclosed portions of the building which, in the opinion 
of the Director's Representative, are needed for building 
protection, shall become the responsibility of the Contractor 
furnishing heat and the installing contractor shall be reim- 
bursed for such freezing damage which is caused by lack of 
heat. 



G. Any Contractor who does not progress his work so that phased 
temporary heat can be provided as and when specified shall be 
held responsible to pay all costs of continuing temporary 
heat under the phase in operation at the time of delay until 
he has completed his work so that temporary heat can be pro- 
vided under the required phase. If more than one Contractor 
is responsible for delay, such cost shall be pro-rated as 
determined by the Director's Representative. 



1.05 PHASE III - OPERATION BY STATE PERSONNEL 



A. When in the opinion of the Director's Representative, the 
petmancnt heating system is completed, the Director's Repre- 
sentative will arrange for such operation in accordance with 
the requirements of the General Conditions concerning State 
occupation and operation. At this time, all Contractors 
will be relieved of responsibility for temporary heat. 
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Spec. No8« 

SECTION 01513 - TEMPORARY HEAT 

USE THIS SECTION ON MINOR NEW 
rONSTRUCTION. FILL IN ALL 
BLANK SPACES. 

1.01 GENERAL 

A. Prior to the time the building, or any part of the building, 
is enclosed, construction heat, (as differentiated from 
temporary heat), shall be provided by each contractor, as 
required to accomplish th^^^ following: 

1« Protect material and equipment being Installed as part 
of the contract, from freezing. 

2. Provide sufficient heat so that the mechanics can accom- 
plish their labor in a satisfactory manner. 

3. Provide sufficient heat to maintain construction schedules. 

B. When the building, or any major part of it, is enclosed as 
determined by the Director's Representative, the Construction 
Contractor shall provide temporary heat during the heating 
seasons in accordance with this Section. The building, or 
any portion, shall be considered enclosed when the exterior 
walls, roof deck, or overhead closures are completed suffi- 
ciently to exclude the elements, except for windows, doors, 
ventilators and similar openings which shall be temporarily . 
closed with suitable enclosures, lu window wall type of 
construction, the Construction Contractor shall furnish 
temporary enclosures if window walls are not installed as 
scheduled. 

C. The Construction Contractor shall furnish, place and main- 
tain 8" thermometers in the building. 

D. The Construction Contractor shall also furnish and install, 

where directed, seven day, self contained recording 

thermometers to record air temperature In the building. 
Thermometers shall be Bacharach 14-1010 or equivalent. 

E. The Construction Contractor shall furnish a supply of charts, 
ink, etc., for each recording thermometer for the duration of 
temporary heating. The charts for the recording thermometers 
shall be twenty-four hour charts arranged for working temper- 
atures from -30 degrees F. to +120 degrees F. Charts shall 

be delivered to the Director's Representative who will maintain 
operation of the recording thermometer. The recording ther- 
mometers and charts shall become the property of the State. 
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1.02 DESCRIPTION 

A. The Construction Contractor shall furnish and operate a suffi- 
cient number of heating units and provide and pay for the fuel 
required for their use. The installation of heating units shall 
be as directed. 

B. The heating units shall be of an approved type meeting all 
applicable codes and ordinances. The units shall have a com- 
bustion chamber and flue so designed that all products of 
combustion are vented through ducts t > the outside of the 
building. Electric heaters shall not be used. Heat shall be 
maintained between 45 and 55 degrees F.^ unless higher tempera- 
tures are required. 

C. The Construction Contractor shall take all precautions necessary 
to protect all portions of the building from smoke or gas damage 
and .to prevent hazardous conditions which may result In damages 
to property or injury to persons. 

D. The heating units shall be moved, relocated or adjusted by the 
Construction Contractor as required to protect the work of all 
trades and confractors. 

1.03 RESPONSIBILITY 

A. The Construction Contractor shall be r>olely responsible for all 
damage due to frost and freezing resulting from his failure to 
provide adequate temporary heat. He shall also be solely respon- 
sible for any damages due to improper equipment or the use of his 
equipment, such as stains, smudges, soot or fire and shall 

make good any damages in a manner satisfactory to the Director. 

B. Damage to fire risers, roof leaders, etc., installed in enclosed 
portions of the building which, in the opinion of the Director's 
Representative, are needed for building protection, shall become 
the responsibility of the Construction Contractor and the in- 
stalling contractor shall be reimbursed for such freezing damage 
which is caused by lack of heat. 

C. It shall be the responsibility of the Construction Contractor to 
provide and maintain acceptable approved heat until the completion 
date of all contracts as indicated in the Proposal. If completion 
is delayed beyond the scheduled completion date, the Construction 
Contractor shall maintain the required heat at his own expense 
until his contract work is satisfactorily completed. 
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SECTION 01514 - TEMPORARY HEAT 

USE THIS SECTION FOR REHABILITATION 
ONLY. FILL IN ALL BLANK SPACES, 

1.01 GENERAL 

A. Temporary heat shall be provided by the Construction Contractor 
during the heating season in accordance with this Section. 

B. The Construction Contractor shall furnish, place and maintain 
8" thermometers in the building. 

C. The Construction Contractor shall furnish and install, where 

directed, seven day, self-contain^'id recording thermometers 

to record air temperature in the building. Thermometers shall be 
Bacharach 14-1010 or equivalent. 

D. The Construction Contractor shall furnish a supply of charts, 
ink, etc., for each recording thermometer for the duration of 
temporary heating. The charts for the recording thermometers 
shall be twenty-four hour charts arranged for working tempera- 
tures from -30 degrees F. to +120 degrees F. Charts shall be 
delivered to the Director's Representative who will maintain 
operation of the recording thermometer. The recording ther- 
mometers and charts shall become the property of the State. 

1.02 DESCRIPTION 

A. The Construction Contractor shall furnish and operate a suffi- 
cient nuaiber of heating units and provide and pay for the fuel 
required for their use. The Installation of heating units shall 
be as directed. 

B. The heating units shall be of an approved^ type meeting all 
applicable codes and ordinances. The units shall have a com- 
bustion chamber and flue so designed that all products of com- 
bustion are vented thru ducts to the outside of the building. 
Electric heaters shall not be used. Heat shall be maintained 
between 45 and 55 degrees F., unless higher temperatures are 
required. 

C. The Construction Contractor shall take all precautions neces- 
sary to protect all portions of the building from smoke or gas 
damage and to prevent hazardous conditions which may result in 
damages to property or injury to persons. 

D. The heating units shall be moved, relocated or adjusted by the 
Construction Contractor as required to protect the work of all 

' trades and contractors. 



Spec. No. 

1.03 RESPONSIBILITY 

A. The Construction Contractor shall be solely responsible for 
all damage due to frost and freezing resulting from his failure 
to provide adequate temporary heat. He shall also solely 
responsible for any damages due to Improper equipment or the 
use of his equipment, such as stains, smudges, soot or fire 
and shall make good any damages In a manner satisfactory to 
the Director. 

B. Damage to existing fire risers, roof leader^, etc., which are 
needed for building protection, shall become the responsibility 
of the Construction Contractor. 

C. It shall be the responsibility of the Construction Contractor 
to provide and maintain acceptable approved heat until the com- 
pletion date of all contracts as indicated in the Proposal. 

If completion is delayed beyond scheduled completion date, the 
Construction Contractor shall maintain the required heat at his 
own expense until his contract work is satisfactorily completed. 
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MAINTEKANCE AND OPEBATION (M & O) 



1. INTRODUCTION 

A, BACKGROUND 

The nation faces ever Increasing demands for fuel and 
energy. The demand for energy at the point of consumption has 
exceeded or Is rapidly exceeding the supply^ depending on geographical 
area* New York State Is among the states most seriously affected by 
this energy crisis. The shortages In energy supplied are or will be 
the result of shortages In acceptable fuel sources or Inadequate 
electrical generation capabilities*^ 

The environmental pollution crisis has overshadowed and 
Increased the energy crisis^ Some government agencies have not 
appropriately reacted to the seriousness o£ the energy problem. Many 
government leaders consider the pollution problem more pressing than 
the energy crisis. 

Existing pollution abatement regulations ^ shortage of fossil 
fuels ^ power plant location problems and the Inefficient use of exis- 
ting energy have resulted in the current crisis. 

An Interdepartmental Fuel and Energy Committee was appointed 
by Governor Nelson A, Rockefeller to explore the potential for energy 
conservation in the State of New York, This Interdepartmental 
Committee^ realizing the urgency and need for energy conservation in 
facilities, established an Ad Hoc Committee for Energy-Efficiency in 
Large Buildings, which Includes representatives from both the private 



^Joseph Swidler, The Role of Energy Conservation in Regulation , a talk 
Q by Joseph Swidler, Chairman, New York State Public Service Coonission, 
gPj^(^ to '/he Albany Chapter Producers Council, Inc. on November 13, 1972. 



and state government sectors* This Ad Hoc Conrolttee was subdivided 
Into three Subcofvnlttees covering Design^ Construction, and Main* 
tenance and Operation* This report^ Is on Energy-Efficiency In 
Maintenance and Operation of large buildings in the coiraercial sector, 
institutional buildings, a^nd large multi-dwelling residential complexes. 

B. SCOPE 

This report addresses itself to the review and evaluation 
of existing and future operations and the presentation of reowmenda- 
tifins for improving energy usage. Recommendations were written to 
preclude substantial changes to the current standard of living and 
environmental comfort of the general population, and without creating 
an impediment to the orderly growth of business within New York State. 
It is recognized that these energy demands will continue to grow and 
that these progressive demands cannot be con^letely prohibited* 
However, they must be controlled within the capabilities of current 
and anticipated energy sources. 

Industrial processing plants and off-site utility generating 
plants were not considered by the Subcommittee due to its time 
constraints]; however, they are users of great quantities of energy 
and thus should be the subject of future studies* 

C. GOALS 

The goals of the Subcommittee and the purposes of this 
report are to develop guidelines which reconnend techniques, programs 
and criteria for energy efficient use of buildings, their environ- 
mental systems and their energy consumption* The impletientation of 
these recommendations, including educating the public, executive 
orders affecting State buildings, and legislated statutes and codes. 



will be the responsibility of the Interdepartmental Fuel and Energy 
Comnittee as noted in its Action Plan*^ 



^Interdepartmental Fuel & Energy Committee's Action Plan for Energy 
Conservation & Efficiency In Large Buildings , Aug» 9> 1972> p. 3» 
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11. SUMMARY 

The major areas for energy-efficient maintenance and operation 
of large buildings resulting In energy conservation Include the 
following Items: 

A. ENERGY EFFICIENT OPERATIONS 

1« Establish maximum winter temperatures and mlnlnum 
summer temperatures as a function of Interior space environmental 
requirements. 

2. Establish hours of operation of building heating^ 
air conditionings ventilating, lighting and other systems. Reduce 
operating time of HVAC equipment by utilizing thermal energy stored 
in the building and piping. 

3. Reduce electrical peak demandit by priority selectors, 
demand limiters and load sheddins. Improve building power factor 
where feasible^ 

4. Increase combustion and heating system efficiencies by 
repair or replacement of insulation, replacement or repair of defec- 
tive controls and equipment, installation of required weather 
stripping, sealing of exterior cracks, improving controls and zoning, 
etc. 

5. Reduce unnecessary lighting. 

6. Investigate use of tax incentives to induce owners 
to conserve energy. 
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B. ESTABLISH OR INCREASE EFFECTIVHIESS OF MAINTEHANCS 
PROGRAMS 

Improved maintenance and operation procedures will reduce 
energy consxmptlon at least 15 per cent, 

C. INSTRUCT OR MOTIVATE OWNERS OF LARGE BUILDINGS TO INITIATE 
UTILITIES BETTERMENT PROGRAMS 

D. ESTABLISH OCCUPANCY STANDARDS WHICH WILL RESULT IN 
CONSERVATION OF ENERGY 

E. FUEL AND ENERGY UTILIZATION 

The artificial environment o£ existing buildings^ 
including lighting and HVAC systems ^ represents a substantial 
percentage of the total energy consumption. Increased control of 
these sophisticated systems and continual analysis of building demands 
and its minimum requirements will contribute to optimum use of fuels 
and energy. They are normally identified by operations personnel 
and brought to the attention of the owner for any required 
modifications. 

Reduction of pipings valves and equipment leakage » and 
repair or replacement of ^sulation^ will aid in conservation of fuel 
and energy^ as well as reduce owner operating cost. 
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III. DETAILED STUDY 

Efficiencies can only be obtained by improved facility manage- 
ment ^ with direction and backing by their top management^ aimed at 
and geared to efficient use of energy and conservation of energy. 

The following maintenance and operation procedures and 
techniques are discussed and analyzed with resultant specific 
recommendations: 

A. ENERGY EFFICIENT OPERATIONS 

1. Establish Minimum Levels of Environmental Comfort 



Existing methods of operation may provide excessive 
heating, cooling and vent:Llatlon. All heating, ventilating and air 
conditioning controls should maintain the recoamended temperatures 
as indicated in the table belows 

Table on Guide to Recommended Temperatures 



Room Use 

Occupied Space* 

e.g. of flee » educational 

Normally Unoccupied Space 

Storage Rooms, Equipment 
Rooms, etc. 

Vacant Spaces 
(normally not used) 



Winter 



Summer 



74° to 770 F.^ 770 to 790 F.l 



65° F. or lower* 
65° F. or lower* 

50^ F. or lower* 



None 

Minimum 
Required 

None 



* Based on consensus of m^nbers of this Subcommittee* 
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For occupied space in preceding table> building 
operators should strive tp maintain minimum winter and maximum suDzimer 
space temperature, consistent with occupant com£ort« Continuous op- 
erations such as residential areas of hospitals and correctional 
facilities should maintain these environmental conditions at all times* 

Investigate the feasibility of raising the interior 
space humidity conditions » in order to maintain interior space at 
lower temperatures in the winter and higher temperatures in the summer 
for the same equivalent comfort conditions, without causing condensa- 
tions on the windows* Higher relative himiidities in the winter will 

reduce ventilation needs and lower the dry bulb temperature for the 

2 

same degree of comfort - with ^ net gain in fuel reduction. 

2, Establish Hours of Operation 

a. The nature of a particular occupancy will 
determine the minimum hours of operation for the energy consuming 
systems. Environmental systems sb^^^ld be manually or automatic 
cally programmed to start up and/or shut down an hour or so before 
and after occupancy* Study the optimum length of time and the 
amount of energy per facility to bring its low night temperatures 
up to operating temperatures* Lighting should be substantially 
reduced or eliminated in unoccupied space. The existing occupancy 
schedule should be reviewed to determine where reduction or 
rescheduling of working hours, as feasible, would contribute to the 
energy conservation program, 

^Fred S« Dubin, Energy Conservation Through Building Design and A 
Wise Use of Electricity # Paper prepared for presentation at the 
Annual Conference of the American Public Power Association in 
San Francisco, California on June 26, 1972, p« 5« 
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b« Control of ventilation systems should be 
adjusted to eliminate or reduce fresh air requirements during 
non-occupancy or lev occupancy periods , during both the heating and 
cooling seasons (exclusive of ventilation of critical areas, i«e« 
volatile chemical storage areas)* 

3. Reduce Electrical Peak Demands 

a. The reduction of peak demands would ease the 
power generation problem* The timing and magnitude of such demands 
must be determined for each site* Where recording demand meters are 
available, the utility should provide the energy user with copies 

of the time-demand charts. The availability of time-demand records 
enables an energy user to anticipate and reduce peak demands. These 
peak demands should be established and analyzed for causes* The 
facility manager should then minimize those peaks by adjustment of 
operating schedules* Methods of reducing peak demand include the 
utilization of priarity selectors, demand limiters and load shedding* 

b. If not installed on existing systems, the 
installation of a demand controller, modification and installation 

of controls and control circuits for heat pumps and water heaters for 
a typical high-rise apar^onent would pay for their cost in less than 
two years by reducing the annual electric bill*^ Similar economical 
analogies can be made for institutional or commercial buildings* 
Demand charges constitute one- third to one-half of a typical electric 
bill for a large commercial or industrial installation* These needs 
should be identified by operating personnel and reported to building 
owners* 



^••Brownouts & Building Operation", Syska & Hennessey, Inc 
Q Technical Letter, Vol* 21, No* 1, May 1971. 
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4» Power Factor Correction 

a* The correction or Improving of the power 
factor Increases the electrical efficiency of a power distribution 
system In addition to permitting more effective use of the 
utility's capacity* 

b* Low power factor Increases the power company's 
cost of Supplying actual power because more current must be 
transmitted* This cost Is billed directly to the consumer through 
reactive charges* Low power factor also causes overloaded 
gei'ierator^ transformer and distribution lines with resulting voltage 
drops that are greater than they should be* Low power factor also 
reduces the load handling capacities of the plant's electrical 
system* An economical and practical solution to the low power 
factor problem Is the Installation of capacitor banks If not currently 
installed. These needs should be Identified by operating personnel and 
reported to building owner* To further promote this practice, the 
existing public utility rate charges for reactive demand should be 
substantially Increased to provide an incentive for a good pcwer 
factor and a penalty for poor power factor* 

5* Shut- Down/ Start*>Up Procedures 

a* Shut-down and start-up procedures should be 
established to guarantee the efficient use of energy consuming 
systems* The established procedures should reflect a cyclic starting 
schedule for equipment with large starting currents and the minimum 
time required to bring the system on the line with minimum load 
peaking* These procedures should vary with the conditions that 
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exist* Dally, weekly, nonChly and/or seml-annual shut<^downs may 
have different start->up procedures based on the systems concerned 
and the environmental climate needed at the time* 

b* The £ans and p'itnps use approximately 
40 percent of the energy demanded by an alr-*condltionlng system* 
Many systems are designed to be shut down overnight and during 
weekends and holidays, but are not operated In this fashion; conse- 
quently an opportunity for energy saving Is lost* Cooling and 
heating of totally unoccupied space such as storerooms and vacated 
areas should also be reduced or eliminated*^ 

6* Check and Improvement of Equipment Efficiencies 

a* The periodic Inspection of all equipment, and 
subsequent maintenance and alterations to Improve efficiencies, 
should be one of the Initial steps to Improving energy efficiencies* 

b* A system schematic should be developed with 
all appropriate design parameters listed* These design parameters 
should be evaluated and revised to reflect current environment 
requirements as opposed to original design requirements* The main- 
tenance of the design or currently desired requirements should be 
the Initial step toward effective operation* These parameters should 
then be compared with actual operating conditions to determine the 
efficiency of the system's equlpmant and to highlight trouble areas* 
Once inefficient and trouble areas are located, immediate attempts 
should be launched to correct or Improve the deficiency* 

^S/GSA July 1972 Report, e=mc^. May 23>24 Roundtable on Energy 
Conservation in Public BulldlnR8> p* 56* ^ 
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c* The particular action taken to Improve equip- 
ment efficiency Is based on the consideration of the equipment 
Involved, the cost of corrective action and the parameters 
affected* 

7. Operetlng Techniques Utilizing Night Setback and 
Thermal Lag 

a» Night Setback of Building Temperatures 

(1) Night setback of building temperatures 
should be accomplished by autotnatlc means* Optimum night setback 
of building temperatures should be determined by the building oper* 
ator in regard to the required morning operating time to bring the 
building back to daytime desired occupancy building temperature « 
too long a time is inefficient* 

(2) Fuel savings can aioount to three* 
quarters of one percent for each degree Fahrenheit that the thermostat 
is set back in an apartment or home* For example, by reducing the 
thermostat 4 degrees, i*e* from 70 to 66 degrees F*, a savings of 
$1*80 on a $60 per month heating bill can be achieved*^ Similar 
analogies can be made for other areas, offices, etc* 

b* Utilization of Building Thermal Lag 

(1) By experimentation, the building operator 
should determine allowable reduction time of heating and cooling 
equipment y by taking advantage of thermal lag, both within the 
buildings y as well as external piping* 

^*S* Office of Consumer Affairs, 7 Ways to Reduce Fuel Consumption 
in Household Heating Throuflrh Energy Conservation , Pub* No* 5»BL-5253« 
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(2) On days expected to be very hot, the 

building can be cooled below normal during the night and early 

morning hours, allowing the Inside air temperature to rise during 

the a£teimoon« The cooling equipment can be shut off altogether 

somewhat prior to closing tlme« This practice reduces the overall 

load on the cooling equipment, as well as the amount of power 

consumed during the peak load period. 

8. Installation or Utilization of Existing Economy 
Cycle Equipment 

a« Utilization 

(1) The economy cycle, if Installed in the 
energy consumption and distribution system of a facility, should 
be properly utilized. 

(2) The equipment in the economy cycle should 
be included in the overall system analysis, which will be used to 
determine equipment and system operational efficiencies* 

(3) Ensure that when the internal temperatures 
in the building are being adjusted before the start of the normal 
h^j;Zi'j"^s day, that the ventilation system is closed until the build- 
ing is brought to the desired temperature* 

(4) The most important concept to emphasize 
to operating personnel is that heating and cooling equipment must be 
used sparingly* During approximately 500 of the 3,100 hours per 
year that a typical office building is occupied, outside air could 
be introduced Into the ventilating system with neither pre«heating 
troT pre-.-cooling* This, in itself, would result in about a 20 percent 
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reduction In energy required for air handling.^ 

b» Installation of New Equipment 

Often^ the building operator originally 
Identifies the need for an economic survey of the possible use of 
new economy cycle equipment for their existing large building, then 
the owner should hire a design engineer to make a survey9 evaluation 
and any required recommendations. This study should include an 
analysis of first cost of new economy cycle equipment versus its 
reduced operating cost to determine if it is feasible^ and the time 
required to write off the initial investment of the owner. (See 
following paragraph No. 12 on Tax Incentives.) 

9. Combustion and Heating System Efficiencies 

a. Goals 

The immediate objective of those in charge of 
the operation and maintenance should be to operate buildings at the 
higlr t level of efficiencr. The longer term objectives should be 
physical improvements which will raise the existing efficiency of 
operation to insure that original design efficiencies are maintained, 
and to incorporate new technology. However^ many buildings may not 
be capable of great improvement in efficiency without moderate to 
large capital expenditures. Most existing buildings can experience 
some improvement in energy usaee. Some examples are shown in the 
following portion of this section. 



Op. Cit. NftS/nSA, July 1972 Report, e - mc , p. 56. 
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b • In ves t iga t ions 

(1) Determine the maximiim practical level of 
efficiency permitted by the design of the building. This can be done 
in a ntjmber of ways: 

(a) Review of the original design, if 
available, from the architect or the designer who estimated the 
annual fuel consumption* 

(b) Recalculation, using modem tech- 
niques of estimating design heat losses and heat gains. Assistance 
of the original heating design engineer may be required, 

(c) Review with the heating equipment 
manufacturer(s), their expected efficiencies as presently installed 
and their proper operating procedures, 

(2) After thi^ determination of the ideal 
situation, the actual operating record of the building should be 
compared with the data. If energy consuniption is significantly above 
what is indicated from the design data or estimate, this would be a 
clear indication that Improvement should be made by bringing this to 
the attention of the building owner and/or manager, who, in turn, 
should hire a heating design engineer to make a study, 

(3) There are two basic heating efficiencies 
in any building, the combustion efficiency of the heating device and 
the distribution efficiency of the heating system. The easiest 
efficiency to check and to maintain is the combustion efficiency. 
Boiler combustion efficiency tests should be taken often, i,e, dally, 
weekly or montlily for power plants, or annually for small boilers with 
less than 1 million Btuh input. 
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(a) A steady downward trend in efficiency 
is an indication that other maintenance work should be perfomed. 

(b) The heating system efficiency may be 
more difficult to improve ^ but an effort should be made in this direction* 

(c) System efficiency is usually deter« 
mined by the original design. On a short term low capital expenditure 
plan^ system efficiency can be improved by insulation of distribution 
lines wherever practical ^ replacement of defective radiation devices 
and valves; and the balancing of steam^ hot water and air systems to 
prevent overheating lower floors In order to heat upper floors. 
Weather stripping of doors and windows ^ and sealing exterior openings 
and cracks will reduce infiltration losses. 

10. Lighting and Energy Conservation 

a. The Significance of Lighting in the Energy 
Conservation Program:*^ 

By 1985 y without the implementation of a major 
conservation program, the electric utilities daily consumption of oil 
equivalent will increase from over 8 million barrels in 1970 to about 
24 million barrels. Of the 1970 total, approximately 25 percent or 
2 million barrels per day was consumed for lighting purposes alone. 
By 1985, it will require slightly le3s than 6 million barrels of oil 
equivalent per day, 

b. An Energy Conservation Program for Lighting in 
Existing Buildings: 

Lighting in buildings constructed prior to 1973 



^Subcoramittee Report on Energy«Ef ficient Design of Large Buildings ^ 
Appendix A. 
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will comprise approximately A3 percent of the 1985 lighting load« 
The opportunity for energy savings in this category requires **iroag- 
Ineering** as well as practicality. Savings can be accomplished by 
utilizing educational programs for occupants, building raaintenance 
and operational personnel and building owners similar to Con Edison's 
**Save-A«Watt** program, or by distributing to these people Illumi- 
nating Engineering Society* s (lES) recomaendatlons on operating and 
maintaining lighting for optimum use of energy* Procedures and 
practices for energy*ef f icient lighting for existing buildings, 
include the following: 

(1) Use efficient incandescent lamps for 

lamp replacement. 

(2) Turn off lights when not needed. 

(a) When a working or living space is 
empty, secured and not used for display or observation, there is no 
need for lighting. In this case, it is always more economical to 
turn off incandescent lighting and, where off-time is more than a few 
minutes, fluorescent and high-intensity discharge lighting should be 
turned off. 

(b) Minor renovations can be undertaken 
that increase switching choices so that lights may be turned off by 
smaller areas, or permit installation of new efficient fixtures to 
perform tasks at lower energy input than existing fixtures. 

(c) Corridor and room lighting levels 
can be reduced to the maximum extent consistent with actual require- 
ments by reiQovlng bulbs in selected lights, or substituting lower 
wattage bulbs, by additional electrical switching, etc. (Caution: 
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In fluorescent fixtures ^ damage can result from disconnecting one 
lamp In a two- lamp fixture.) 

(d) Lights should be turned off 
wherever practical after working hours^ rather than leaving them on 
continuously throughout the building until the end of cleaning 
operations per section of the building* 

Nighttime «• Reduce lighting at 
nighty except that needed for security* 

Daytime «• Turn off lights or reduce 
lighting^ especially for non-occupied^ partial-occupied^ or non- 
critical areas. 

(e) Higher wattage General Service 
lamps are more efficient than the lower wattage lamps* Thereforet 
using fewer higher wattage lamps may save power. For example^ one 
100-watt lamp produces more light than two 60-watt lamps (1740 lumens 
vs 2 x 860 = 1720 lumens). 

(f) For the same wattage^ General 
Service lamps (750 to 1000 hours life) are more efficient than 
Extended Service lamps (2500 hours life). For example^ a 100-watt 
General Seirvice lamp produces 17.4 lucjens/watt input while a 100-watt 
Extended Service lamp produces 14.8 lumens/watt input. For equal 
lighting results in this case^ 17.5% more lamps and power are 
required when using the Extended Service lamps. Extended Service 
lamps should be used where maintenance labor costs are high or where 
lamps are in inaccessible locations* 
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(3) Control window brightness 

The requirements for good lighting can 
be achieved by skillful application of daylighting techniques. 
Encourage building maintenance and operation personnel and occupants 
to use the following techniques: 

(a) Redirect available light for better 
interior distribution and utilization, such as Venetian blinds. 

(b) Limit the brightness of fenestra- 
tion to within comfortable limits by utilizing existing shades, 
screens and blinds. 

(4) Utilize daylighting as practicable 
The levels of illumination recommended 

by the lES are not b.:ised on electric lighting exclusively. lES 
publishes a booklet entitled Recommended practice of Daylighting ^ 
and includes daylighting design data in its lES Lighting Handbook 
as a guide to the utilization of daylight. It is pointed out, how- 
ever, that because of the wide variation in daylight (from several 
thousand footcandles down to 2ero), an adequate electric lighting 
system should be provided. 

(5) Keep lighting equipment clean and in 
good working condition. 

Studies have shown that good lighting 
maintenance procedures provide better utilization of the lighting 
system. For example, a study of one fluorescent lighting system. 



° "Recommended Practice of Daylighting," Illuminating Engineering , 
August, 1962. 
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where different maintenance procedures were used, showed that: 

(a) When lumlnaires were cleaned and 
relamped once every three years^ the illumination dropped to 60% of 
the initial after three years* 

(b) When linnlnaires were cleaned every 
one and a half years and relamped every three years » the illumination 
dropped to 687p of the initial after three years. 

(c) When lumlnaires were cleaned once a 
year and one third of the lamps replaced once a year^ the illumination 
dropped to 78% of the initial after three years and to 75% even after 
12 years. 

Therefore 9 if better maintenance procedures 
are followed, it may be possible to reduce the total number of 
lamps in a given system as long as adequate illumination is still 
maintained. 

In designing new lighting systems, more 
attention should be given to maintenance procedures and the consumer 
(tenant or owner) should be aware of the maintenance procedures 
considered in the design. 

(6) Post instructions covering operation and 

maintenance. 

For building owners' and tenants' inf cre- 
mation, as consumers, all illuminated spaces should have a set of 
Instructions covering the operation and maintenance of the lighting 
(electric or daylight), both for maximum utilization of power and 
minimum constjmption for economic considerations. 
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(7) If painting is required, use light 
finishes on ceilings, walls, floor and furnishings. 

Light finishes can increase the utiliza- 
tion of light* For one room painting test by the Illuminating 
Engineering Society, by repainting ceiling, walls and floor and 
refinishing furniture, the average illumination level was increased 
from less than 10 footcandles to over 40 footcaniles, ^ 

(8) In selecting light finishes, reflectances 
should be in the following range 

The upper limits have been selected to 
avoid excessively bright surfaces which can be uncomfortable or 
reduce visibility by producing disability glare, 
11, Water Conservation 

a. In multi-dwelling residential complexes, the 
old style standard toilet tank holds up to 5 to 8 gallons of water, 
which is far more than i^eeded for flushing. However, newer models 
are being built with a smaller cubic capacity of about 3^ gallons. 
But, in the average existing town, enough water is being wasted to 
float a battleship. Installing an ordinary brick in the tank of 
each toilet will displace over a quart of water; an enotmious saving 
per municipality can be effected. This energy conservation program 
was adopted in Cherry Hill, New Jersey for 17,000 homes, resulting 
in a savings of about 34 million gallons of drinkable water a year,^^ 



9lES Lighting Handbook , 5th Edition, 1972, p, 5-17, 
%bid, p, 11-5. 

^^Tllly Spetgang, "A Brick in Your Tank,^^ Parade, February 11, 1973, 
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Similar applications will apply for multl^dwelllng residential 
complexes. 

Similarly, water conservation programs can be 
adopted for commercial buildings and Institutional buildings by ad- 
justed flushometer valves to an experimented accepted lower rate. 

c» All leaky pipes, faucets, valves, traps, 
controls and equipment should be repaired, 

d» Makeup water for all cooling towers should be 
checked to insure that only the minimum amount is furnished, 

e. Reduce use of water for building aesthetics, 
such as fountains, 

12, Tax Incentives 

a. Tax incentives should be investigated to induce 
owners to Invest in modifications, rehabilitation and major repairs 
of their buildings to conserve energy. These modifications include 
installation of additional insulation, storm windows. 

Insulating glass, vestibule enclosures, additional HVAC con- 

trols, additional lighting switching, Weather stripping, etc. 
Rehabilitation and major repairs includes replacement and patching of 
insulation, correcting all leakage, caulking of building envelope 
openings, upgrading of combustion equipment and controls^ etc, 

b. Significant changes in tax structuring and 
energy prices must be examined, including the complex questions of 
feasibility and acceptance by the consumer. Means of carrying out 
conservation measures fall / ito three general categories: 
standards and regulation, tax incentives (credits and penalties) 
and educatioTial campaigns. The use of standards and regulations 
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offers precise control, but they may be difficult to compose and monitor. 
Their existence may also Inhibit Innovative solutions. 

c. The total cost of tax Incentives for modlflca*. 
tlons of a large building to conserve energy Is very small In 
comparison to the total tax levied on the large building, l.e*, the 
reduction of total tax received by governments Is very nominal and for 
a short time period; however, these modifications would result in a 
reduced maintenance and operation cost of the building over a long time 
period. Precedent currently exists for similar business tax credit 
under New York State Commerce Department's Job Incentive Program. 



''-^''Studies Indicate Energy Uses, Suggest Ways to Reduce Consumption'*, 
Actual Specifying Engineer , Nov. 1972, p. 27. 
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B. ALTERATIONS TO EXISTING BUILDINGS 

1. General 

General opportunities for improving the energy 
constimption performance of existing buildings are much more limited 
than for oncoming new buildings. However, the percentage of builds 
infjs specifically designed to conserve energy will remain small for 
years to come due to the hundreds of thousands of existing buildings » 

2. Identification of Alterations 

The building operator and/or manager is responsi- 
ble to make the original identification of maintenance and operational 
problems, which may require rehabilitation, alterations, replace- 
ments, improvements or repairs to the building, its components or 
systems. This information should then be brought to the attention 
of the owner, who, in turn, will probably require the services of a 
design engineer to make a field survey, evaluation, recommendations, 
estimates and any required contract documents. Some examples are as 
follows: 

a. Thermal improvem'^nt of an existing building is 
normally a very attractive investment, since reduced energy costs 
will usually pay for the adjustment in a reasonably short period. 
Consideration should be given to additional Insulation in ceilings, 
walls and crawl space for l^rge multi»dwelling residential complexes, 
which have easy access to attic and crawl sp£\ces« 

b. Consideration should be given to the instal- 
lation of storm windows and doors, and insulating glass » 
especially for the larger buildings. 
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c* Consideration should) also be given to the 
possibility of installing more sophisticated controls so that the 
flexibility of heating and cooling areas in the building will be 
increased* 

(1) The installation of a number of indoor/ 
outdoor anticipating thermostats^ each controlling a differ:*'^, zone 
in the building. 

(2) Increasing the flexibility of existing 
heating or cooling distribution systems by increasing the number of 
zoned internal areas. 

d» At the time of the heating plant replacement^ 
a re-evaluation of the design heat loss and hot water requirements 
should be made* New equipment should closely match the re- evaluated 
criteria and not be sized to duplicate the old equipment, which may 
have become mlssized» Multiple heating plant design should be 
considered* Use design considerations from design of new building 
criteria. Consideration should be given on the use of separate 
small boilers for the summer domestic hot water requirement only* 

e* Building operator should have input to above 

investigations* 

3* Demolition 

The choice to renovate or demolish and r'^build an 
old building should always include an assessment of the energy savings 
or waste involved* Building operator should have input to any 
decision to renovate, or demolish and rebuild an old building* 
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C. PREVENTIVE MAINTENANCE PROGRAMS 

I. Introduction 

a. Maintenance of equipment and insulation is so 

germane to energy efficiency that it justifies special attention. 
Energy is often wasted through improper utilization and care of 
equipment. Regular maintenance checks are imperative. For 
existing buildings, new or updated, clearly defined maintenance 
procedure manuals should be provided by consultants specializing 
in this field. Adjacent to each major item of equipment, mount 
piping and/or electric schematic diagrams with instructions encased 
in plastic. In addition, a master series of all schematic diagrams 
and instructions, encased in plastic, mounted on a large clipboard 
or in a binder, should be made available for the chief building 
operator. Building operators should undergo a thorough training 
program to emphasize energy conservation in utilization as well as 
raainteaance. Detailed written preventive maintenance programs 
should be developed and stringently followed for all building 
components, equipment and systems. 

b. There are some readily available preventive 
maintenance programs and energy conservation programs that can be 
adapted to a large building or building complex. For many large 
sites these programs can be integrated into one overall program. 

c. Examples of an energy conservation program 
are described in the Department of the Navy^s brochures, 
NAVDOCKS P-75 and MO-303, on Utilities Conservation Program Survey 
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Manual and Use of Utility Targets. The General Service Admin- 
istration also has available literature on energy conservation 
guidelines for public buildings, which can be adapted for State^ 
municipalities and private office buildings. 

2. Preventive Maintenancfct to Increase Efficiencies 
It is conservative to say 90 out of every 100 
buildings are operating at less than 90 percent of their potential 
due to poor maintenance.^ Improved maintenance practices can 
reduce energy consumption of buildings by more than 15 percent 
without increasing maintenance labor costs. An evaluation of all 
equipment installed in the environmental and energy distribution 
systems should be made to determine the aniount of - entive main- 
tenance required to insure energy efficiency. Pi i mainte- 
nance which improves energy efficiencies should bv iormed on all 
major equipment. A review of these procedures and an update of the 
preventive maintenance program should be accomplished at a periodic 
interval. This review should be performed often enough in order 
to incorporate new practices and add additional equipment , so that 
the program stays current. A main objective is to incorporate 
future conservation of energy practices as they become technically 
available. The proper planning and analysis for the program 
integration and operation is a key factor to the ultimate success 
of any new program. 



Fred S. Dubin, The New Architecture and Engineering , Paper 
prepared for presentation at The Workshop on Total Energy 
Conservation In Public Buildings in Albany, N.Y. on Jan. 12, 1972,' p. 

^Op Cit., Dubin, Energy Conservation , p. 15. 
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3. Preventive Maintenance to Reduce Energy Vaste 

a. A regular periodic Investigation of the 
entire facility should be made In areas where energy Is being 
wasted or Ineffectively consumed, I.e., air Infiltration and water 
leaks (Including steam, condensate, domestic hot water, cold water, 
hot water, and/or chilled water). 

b. Preventive maintenance on valves, pumps, etc. 
should be performed to minimize leakage. Correct blowdown 
quantities should be established. 

c. Filter cleaning and proper replacement should 
be performed to Insure optimum heat transfer. 

d. Keep all domestic hot water heating colls 
free from scale deposits that will reduce the heat transfer 
through the colls. 

e. Some Important maintenance suggestions to 

maximize energy efficiency of HVAC systems and minimize thermal 

3 

losses are as follows: 

(1) Regularly inspect and repair wall and 
celling insulation, caulking and storm windows. 

(2) Verify that pipe insulation is provided 
and maintained in good repair on all steam or hot water lines 
passing through air-conditioned spaces, and on all chilled water 
lines and ducts containing cold air \Aich pass through nonair- 
conditioned space. 



30p. Ctt. NBS/GSA, July 1972 Report, e » mc^ ^^ y. 59* 

/ 
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(3) Keep condensers on air-conditioned units, 
refrig^'.rators, freezers, and drinking water fountains clean and free 
of any foreign matter that might interfere with flow of air or 
otherwise reduce heat transfer. 

(4) Check for leaky hot water faucets and 

radiators. 

(5) Check refrigerator and freezer doors 

for defective gaskets. 

(6) Establish a regular schedule for 
checking, in particular, fans, pumps, compressors and other rotating 
equipment to ensure that they are in good repair. 

4. Maintenance of Building Cou::rols 

a. Heating, Ventilating & Air Conditioning Controls 
The proper functioning of HVAC controls is one 

of the most basic requirements for energy efficiency and system 
safety. Preventive maintenance of controls, including the repair, 
recalibration and adjustment of inoperative or ineffective controls, 
should be performed for optimum system efficiency in order to main- 
tain building control systems; it will be necessary to hire and/or 
properly train '*in-plant" personnel, or enter into control service 
contracts . 

b. Heating Plant Controls 

These types of controls include boiler 
sequencing controls and other types of automatic or semi-automatic 
controls which will modulate and attempt to match the heating 
system output to the butldiu^ load. Stack analysis controls which 
will continuously monitor stack temperature and carbon dioxide or 
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oxygen as a determinant of efficiency may be warranted when the 
heating systems have inputs of over 100,000,000 Btuh. 

5. Maintenance of Building Lighting 

A planned maintenance program to emphasize energy 
conservation would also call for more frequent bulb replacement. 
Present maintenance plans often prescribe initial over- illumination, 
since it is assumed that one or more bulbs in an area will fail 
prior to replacement. Regular and more frequent cleaning of lamps, 
lighting fixtures, reflectors and shades can maximize lighting 
efficiency. 

6. Presentation of Operation Information 

Each building should have a space in the utility 
area with a desk, bookshelf and plan rack for opereMng personnel. 
All operation and manufacturers data should be bound in permanent 
binders, tabbed with index tabs for different systems and items 
of equipment. Master maintenance and operation manuals should be 
stored here. There should be lubrication schedules and filter 
replacement schedules filed here. There should be complete lists 
of sub-contractors who supplied equipment: and sources for parts 
replacements. There should be a list of emergency telephone numbers 
of manufacturers of critical equipment, such as oil burners, 
boilers, air conditioning ^chines, etc. Cofq)lete sets of as-built 
plans, on cloth or other indestructible material, should be 
permanently attached to plan rack holders. A file with a complete 
set of shop drawings should be kept by the maintenance staff. 
Maintenance and operating instructions with schematic systems 
diagrams, encased in plastic, should be permanently mounted near the 
cciuLpment thoy relaio to, in an accessible area lot easy reference. 
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D. COST/BENEFIT ANALYSIS 

1. General 

Each building owner should analyze each existing 
building or building complex in regard to the cost for inspection, 
repair, rehabilitation, alteration, improvement, maintenance and 
preventive maintenance for both short and middle-range savings. 
Thd relatively small expenditures on these requirements will 
prevent the need for major rehabilitation work in only a few years. 
All initial expenditures required for annual need identification 
and budget allocatioTi, in both the maintenance anC rehabilitation 
areas, should be reviewed by proper management. Their review 
should be not only on original costs, but also on the potential 
savings in the short range, which will be accomplished by meeting 
these requirements, rather than on a future crisis basis. 

2. State of New York Studies 

a. Office of General Services, Design and 
Construction Group, Division of Rehabilitation Planning, has the 
responsibility to conduct studies for economical methods for 
providing services in the maintenance and rehabilitation fields. 

b. In 1970 they conducted an inter^agency task 
force on the recalibrat ion and repair of combustion controls and 
instrumentation of 75 large State power plants* The study 
recomiTiended that a team of four control specialists survey these 
power plants on a programmed annual geographical basis in regard 
to required repair, maintenance, recalibration and replacement of 
controls. Based on 1971 prices, the total potential fuel cost 
savings would be at least $670,000 at the end of the first year by 
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implementing these task force recommendations. After five years 
these Savings will increase to 1,2 million dollars per year on a 
continuing basis with the ultimate reduction in fuel costs of 
residual oils and coal being 3 million dollars per year on a 
continual basis. The cost/benefit ratio is about 1 to 7 at the 
end of the first year, 1 to 10 at the end of the fifth year, 
progressing to an annual return of I to 25 after the tenth year 
and each year thereafter , based on 1971 prices* Proper continuing 
periodic inspection and allocation of funds for needed work not 
only saves the owner money in the short, middle and long ranges, 
buc also conserves fuels. 

c. In 1970, the Division of Rehabilitation 
Planning* s second task force on the most economical and efficient 
means of roof inspection resulted in the recommendation to train 
150 State site maintenance employees on a one time, gei raphical basis 
in order to make their proper bi-annual roof inspections, 
inventories and minor repairs. The value of this training is 
illustrated by the fact that a single roof replacement may cost 
$20,000 to $30,000 depending on its size, while if a roof defect 
is noted early enough through inspection, a minor repair of about 
$1,500 may prevent the necessity for this replacement work. The 
State has over 10,000 buildings, so the cost/benefit ratio can be 
extremely low to the State. By reducing roof replacements 
through proper early identification and repair will save raw 
materials and the energy needed to produce new roof installations. 
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d. Private engineering consultant firms hired 
by the State, the Parson-Jurden Corporation and the Pope, Evans 
and Robbins Consulting Engineers conducted maintenance management 
surveys for the Department of Mental Hygiene and the State Univer- 
sity of New York, respectively. Early implementation of their 
recommendations on both maintenance and preventive maintenance 
programs at each facility would result in an overall savings and 
proper allocation of manpower, as well as extended life of 
equipment and building systems* In turn, this results in better 
utilization of energy and reduces energy waste* Similar 
approaches to the large buildings of the private sector of the 
State would vastly increase the savings in energy consumption. 

3. Review Existing Maintenance & Operation Costs 

A complete review and analysis of existing mainte- 
nance and operation expenditures is a useful technique in deter- 
mining trouble areas. However, there must be appropriate and 
functional maintenance management systems available to provide 
both adequate and accurate information concerning these 
expenditures* 

An accurate historical file on all the systems 
and accessory equipment should be available including the cost of 
the fuel and utilities, preventive maintenance program, repair 
and/or replacement expenditures, trouble calls, logs, etc. All 
increases in operating costs should be appropriately explained, 
such as rate increases, excessive overtime use of the building or 
its major components, additional installed equipment, new operating 
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techniques, weather conditions, etc. All unexplained energy 
consultation or Increases should be analyzed for Inefficient or 
wasteful use. 

4. Anticipate Growth 

All Increases In energy consumption and CySts 
should be anticipated for' current and future budgeting. All 
increased consumption projections should be matched with antici* 
pated energy savings wherever possible. The scope of all 
alterations to the existing facilities (including economic and 
feasibility study of prime movers and sub-systems) should be 
reviewed to prevent excessiv<^ energy consumption. 
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ESTABLISH OCCUPANCY STANDARDS 

The instruction of the occupants of a facility in the 
proper conservation of enargy is of major concern to the successful 
implementation of an efficient energy conservation program. 

The use of policy statements ^ recommendations memoranda, 
educational programs, executive orders, etc. should be used to 
advise the occupants of the various ways to reduce energy use. 
These instructions should include, but not be limif:ed, to the 
following: 

1. Turn off all unnecessary lighting. Reduce high 
level corridor lighting and turn off lights in perimeter areas 
near windows when daylight is sufficient. Turn off lights in all 
vacant areas. Curtail all accent or decorative lighting. 

2. Shut down all electrical equipment when not in 
use (i.e. coffee urns). 

3. Lights used for advertising purposes should be 
limited to business establishments that are open for service. 
Billboard lighting should be restricted to hours of maximum 
traffic at night. 

4. Curtail use of elevators during low passenger 
flow patterns. 

5. Windows should not be opened (except for emergen- 
cies) during operation of air conditioning or heating systems. 

6. Thermostat settings should be reviewed to see if 
their daytime settings can be lowered or raised in the winter or 
sunnier, respectively. Use night and weekend temperature setback 
where feasible. 

O . C.34 



M & 0 

7. Curtail use of local air conditioning units. 

8. All furnishings^ drapes, etc. should be removed 
from in front of HVAC units. 
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IV, RECOMMENDATIONS 

This Subcommittee makes the following reconnendatlons; 
A. SHORT RANGE 

1, Guidelines For All State and Non^State Buildings 

a. Initiate a public communication program 
relating to the energy crisis and the need to conserve energy. 
This program should use the various media and Include specific 
energy conserving Instructions. The cost of the communication 
program should be the responsibility of government, on Federal , 
State and municipal levels. 

b. The following energy-efficient maintenance 
and operations features of large buildings should be reconniended 
as guidelines for State, municipal and private buildings: 

(1) Reduce corridor ^ room and outdoor 
lighting to the maximum extent consistent with operational 
requirements, safety and security. The above-mentioned reductions 
In light level can be accomplished by turning off selected lights, 
substituting incandescent lamps of lower wattage, reducing total . 
illumination per area to the minimum requirement of the Illumi.* 
nating Engineering Society, and installation of additional 
localized switching. Use efficient incandescent lamps for 
replacement. Control window brightness during daylight hours to 
redirect and utilize the available light, limit glare and limit 
heat producing radiation to reduce air conditioning load. 
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(2) Shut down air conditioning equipment 
and reduce heating levels to the tnaxlinum extent possible on week- 
ends and holidays In buildings unoccupied during those periods* 

(3) Reduce heated and cooled air supply to 
unoccupied sp^c.e such as &torerooms and unoccupied areas. (See 
table of Paragraph III.A.l. of this report.) Establish vninlmum 
winter and maxitnum summer operating temperatures as a function 

of room use, 

(4) Reduce aiDounts of outside ventilation 
air used In central heating, ventilation and air conditioning 
systems to meet the minimum ventilation requirements of the 
latest issue of ASHRAE Guide, or, if feasible, reduce outside 
ventilation air even further to minimum allowed by applicable 
code. iTisure 'proper us^ -^^ c^^^^^y^"^ cycle where equipment is 
available. Verify chat the distribution of supply air through 
the bull is balanced. 

(5) Give consideration, on days expected 
to be hot, to cooling the building below normal during the night 
and early morning hours and allowing the inside air temperature 
to rise during the afternoon. This action would reduce the 
cooling requirement and the amount of power consumed by air 
conditioning equipment during the peak load period. 

(6) Determine whether adjustments in the 
system now installed will permit the varying of Inside temperature 
and relative humidity so that equivalent comfort can be i&lntained 
for the occupants at lower temperatures in the winter and higher 
temperatures in the summer. 
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(7) Keep filter systems clean to insure 
adequate circulation within the building and minimize fan horse- 
power. 

(8) Reschedule the operation of all large 
motors wherever possible to times other than power peak demand 
periods. Examples: Large elect r.tc motor-driven water pumps often 
may be operated at night to replenish storage tanks. Cold storage 
plant compressors may be sLat down over peak demand periods, 
provided action is taken to assure doors to refrigerated space are 
kept closed. 

(9) Inspect and repair v^ere necessary, 
the wall and ceiling insulation, caulking, weather stripping and 
storm windows of all buildings. 

(10) Verify that pipe Insulation is provided 
on all steam or hot water lines passing through air conditioned 
spaces, and on all chilled water lines and ducts containing cold 
air which pass through non-air conditioned space. 

(11) Clean periodically, as required, all 
lamps, lighting fixtures, reflectors, and shades to assure 
maximum lighting efficiency. 

(12) A water conservation program should be 
initiated to reduce the water consumption of toilet facilities to 
minimum acceptable levels. Correct all water leakage. Insure 
minimum allowable cooling tower blowdown. Reduce application of 
water for aesthetic uses. 

(13) Post instructions covering operation 
and maintenance procedures for occupants, building operators and 
building managers. 

C.38 



M & 0 

c* Individual employees and tenants of large 
buildings of the State, municipalities and private sector should 
be encouraged to: 

(1) Turn off window air-conditioning units 
shortly before the end of the business day. 

(2) Close the damper which admits outside 
air to minimum positioi while the equipment is used for cooling, 
when individual window air conditioning units are provided. 

(3) Report leaky water faucets, radiators, 
piping, valves, etc. immediately. 

(4) Draw or partially close blinds, shades, 
and draperies on the sunny side of the building. 

(5) Keep windows or outside doors closed 
during heating and cooling seasons. 

(6) Utilize the minimum artificial light- 
ing during daylight hours in rooms provided with adequate windows 
or skylight illumination. (Discontinue if excessive glare or heat 
gain resultii>.) 

(7) Keep other unnecessary lights turned 
off, such as those in storerooms, closets, or other spaces not 
being occupied. 

(8) Shut off lights when leaving the 
office or other work areas. 

(9) Turn off electric fans, coffee makers 
and other appliances when not required, particularly during peak 
load periods. 
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(10) Use stairs when possible^ instead of 
elevators^ particularly at quitting time or for business between 
floors. 

(11) Practice energy conservation at home. 
Note: Copies of the above recommendations should be printed by 
the State and distributed to all State workers and managers, and 
adequate copies furnished to all proper authorized management of 
municipalities and the private sector. 

2. Implementation 

Designate an appropriate State body to continually 
oversee the implementation and updating of the energy conservation 
program. This body shall have the authority and required funding 
necessary to obtain private consultants to assist them. 

3. Evaluation 

Continually evaluate the results of the short- 
range recommendations, validate and update these recommendations . 
as necessary. 

4. Regulatory Codes 

Establish national regulatory codes to restrict 
or penalize the inefficient or wasteful energy consumer. A central 
national agency should be empowered to serve as coordinator and 
distributor of allocated funds for inclement at ion of Federal code 
requirements. Note: The U. S. report on ^'Patterns of Energy 
Consumption in the United States** points out that many measures 
it proposes require further invest Igation^ legislation and review 
for economic impact. Consequently, any implementation of any 
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y N,Y.S. Committee's recommendations on energy conservation should 
be closely coordinated with those of the Federal Government. 
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B. MIDDLE RANGE 

1. Mandatory Requirement For Only State Buildings 
Require each State facility to implement the 
recommendations on energy conservation of this section. This 
implementation shall include the planning of capital improvements 
and manpower necessary to realize these energy savings, plus any 
required executive orders. (The State should print and distribute 
copies of this report to each State facility.) 

The proposed recommendations for each State 
facility are as follows: 

a. All items of previous section on short-range 
recommendations which have not been implemented. 

b. Assign a top management official and staff 
personnel at each major State facility to monitor and supervise 
the energy conservation effort to insure that prescribed guide- 
lines are being carried out. 

c. Publicize the use of strict conservation 
practices through announcements at staff meetings, notices posted 
on bulletin boards, and newsletters. Where reductions in equip** 
ment use are made in public buildii^gs ot facilities, post notices 
describing why this is necessary. 

d. Implement occupancy standards and minimum 
environmental limits developed in the Detailed Study of this 
report, by occupants » and facility tcanagers and operators* 

e. Consider advancing the working hours in 
areas where employees occupy air conditioned buildings^ so that 
quitting time occurs prior to the period of peakload demand at 
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which time air conditioning would be shut down. Consideration 
should also be given to shutting down of air conditioning equipment 
prior to quitting time* Staggering office building hours and use 
of air conditioning this way will help reduce the peakload demand* 

f. Reschedule work requiring large amounts of 
power to avoid peakload period, as feasible. If possible, post- 
pone such work during periods of extended warn weather. 

2. Distribution of this Report 

Print and distribute copies of this report to the 
operators of all large non-state buildings and request their 
voluntary implementation of its energy conservation guidelines 
and subsequent management techniques. 

3. Prototype Implementation 

On an existing large building Implement the recom- 
mendations of this report as a prototype to quantify conservation of 
energy principles and any possible resulting reduced maintenance and 

operation costs. 

4. Cost/Benefit Analysis 

Each building owner should have a cost/benefit 
analysis to document allocation of funds for their maintenance and 
rehabilitation needs. 

5. Environmental Pollution vs Energy Crisis 
Initiate a complete study to review and evaluate 

the existing environmental pollution codes versus the Energy/Fuel 
Crisis. Revise the criteria in N.Y.S. pollution codes, accord* 
ingly, to reflect the requirements of existing energy crisis, If 
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allowable by U« S. Government standards. Bring this problem to 
duly authorized Federal authorities If changes required cannot 
be accomplished* 

6, Industrial Sector Study 

Encourage private sector representatives of some 
major Industrial processing plants and off-site utility generating 
plants to conduct studies to recommend energy->eff icient maintenance 
and operation of the industrial sector. 
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C, LONG RANGE 

1. Review and revise public utilities rate structures 
to encourage energy conservation. 

2. Establish tax incentives aimed at energy con* 

servation. 
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DEFINITIONS 

1. Demand Llmlters are devices which control and limit the 
demand on a particular circuit or Item of equipment. When the 
demand reaches a pre-set limit, that circuit Is automatically dis- 
connected. Demand 11ml ters are usually Installed with automatic 
priority selectors. 

2. Economy Cycle Is a design method aimed at reducing op- 
erating cost of a HVAC system. It Is basically the design, control 
and actuation of valves, dampers, etc. to use and blend outside and 
return air to obtain the minimum In preheating and precoollng costs. 

3* Energy as used In this report Includes the natural sources 
of energy such as coal, gas, oil, other fuels, and water. Energy 
shall be further used to include its distribution and form such as 
electricity, steam, hot water, chilled water, etc. 

4. Groups of Large Buildings as used in this report are limited 
to three groups. These are commercial, institutional, and multi- 
dwelling. 

a. Commercial Buildings shall include office buildings, 
mercantile offices, shopping centers, and general assembly structures 
such as field houses, theaters, etc. 



b. Institutional Buildings shall include hospitals, nursing 
homes, universities and schools, correctional facilities, etc. 

c. Multl-dwelllng Residential Complexes shall Include 
hotels, apartment houses, dormitories, housing developments with 
central utilities, etc. 

5. Power Factor is the ratio of actual power used (kilowatts) 
to the power which is apparently being drawn from the utility 
(kilovo It -ampere) . 

6. Priority Selectors are manual or automatic selection of 
electric circuits to be energized and de-energized, based on the 
priority or importance of the equipment on that circuit. 

7. Reactive Charge is the utility's charge to the customer 
for the reactive power. Reactive power is when the apparent power 
(kilovolt-amperes) exceeds the actual power (kilowatts). Reactive 
power occurs when the lagging power factor is less than 1.0. 

ABBREVIATIONS 

1. ASHRAE - American Society of Heating, Refrigerating and 

Air Conditioning Engineers 

2. HVAC - Heating, Ventilating, and Air Conditioning 

3. lES - Illuminating Engineering Society 

4. M & 0 - Maintenance and Operations 

5. FM - Preventive Maintenance 

6. N.Y.S. - New York State 
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